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PREFATORY    SUGGESTIONS. 


EOLOGY  is  eminently  an  out-door  science ;  for  strata,  rivers, 
oceans,  mountains,  valleys,  volcanoes,  cannot  be  taken  into  a 
recitation-room.  Sketches  and  sections  serve  a  good  purpose  in  illus- 
trating the  objects  of  which  the  science  treats,  but  they  do  not  set 
aside  the  necessity  of  seeing  the  objects  themselves.  The  reader  who 
has  any  interest  in  the  subject  should  therefore  go,  for  aid  in  his 
study,  to  the  quarries,  bluffs,  or  ledges  of  rocks  in  his  vicinity,  and  all 
places  that  illustrate  geological  operations.  At  each  locality  accessi- 
ble to  him  he  should  observe  the  kinds  of  rocks  that  there  occur  ; 
whether  they  consist  of  layers  or  not ;  and  their  positions,  whether  the 
layers  are  horizontal,  — the  positon  they  had  when  made  ;  or  whether 
inclined,  —  a  slope  in  the  beds  being  evidence  of  a  subterranean 
movement  like  that  which  takes  place  in  mountain-making. 

Geology  teaches  that  much  the  larger  part  of  the  rocks  that  con- 
layers  were  made  through  the  action  of  water ;  and  if  such 
rocks  are  accessible,  it  is  well,  after  learning  the  lessons  of  the  book, 
to  look  among  them  for  evidence  of  this  mode  of  origin,  either  in 
the  structure  of  the  layers,  in  the  nature  of  the  material,  in  markings 
within  the  beds,  or  in  the  presence  of  relics  of  aquatic  life,  such  as 
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shells,  bones,  etc.  If  some  of  the  layers  in  a  bluff  consist  of  sand- 
>ionr,  others  are  pebbly,  others  clayey,  and  one  or  more  are  of 
limes  to  IK  tin  kinds  of  changes  in  the  waters  that  took  place  to  pro. 
duce  so  varied  results  should  be  made  a  point  for  invocation. 

If  an  excavation  for  a  cellar  is  opened  near  an  accustomed 
walk,  it  is  best  to  look  at  the  sections  of  the  earth  or  sands  thus 
made  ;  for  these  sands  are  very  often  in  layers,  and,  in  that  case,  they 
bear  evidence  that  there  even  the  loose  material  of  the  surface  had 
been  arranged  by  water,  either  that  of  the  ocean  or  that  of  a  river 
or  la 

When  the  layers  contain  fossils,  a  collection  should  be  made  for 

show  what  living  species  populated  the  w:r 
land  when  the  rocks  were  forming;  and  in  the  height  of  a  single 
Mutl   there  may  be  records  thus  made  of  several  successive  popula- 
tions different  from  one  another. 

If  a  beach  or  a  cliff  along  the  ocean  is  accessible,  tin-  art  ion  of 
the  waves  in  their  successive  plunges  may  be  watched  to  great  ad- 
vantage    for  they  are  thus  irrimlini:  up  the  stones  and  sands  of  tin- 
beach,  and  eroding  and   nndcnnininir  tin-  el  iff.      While  vi.ui: 
work  on  a  seashore,  it  will  be  a  good  Iff  that  this  bat- 

_'oes  on  almost  inces-  -\<:\\  tin-  y.  ar.  and  year  after  year, 

and  has  so  gone  on  along  coasts  and  about   r« •« -f-  for  indefinite  ages. 

•!'  and  the  roeky  ledges  in  tin 
examined,  U  >unr  and  • 

the  action   of  the   w.v  u-h   should   he   studied   in   ord«  r 

to  mull rst.iml  why,  after  so  much  grinding,  coarse  sands  and  often 
-  '.:.:.  i  an  rtffl  l«-ft. 
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If  there  are  sand-flats  exposed  off  the  shores  at  low  tide,  there 
is  a  chance  to  discover  by  what  currents  or  movements  of  the  water 
they  were  formed,  and  whence  came  the  sands  that  compose  them, 
which  should  be  taken  advantage  of ;  for  they  are  identical  in  kind 
and  mode  of  origin,  although  not  in  extent,  with  the  sand-flats  of 
ancient  time  out  of  which  sandstones  have  been  made  ;  the  only  pos- 
sible difference  being  that  in  the  earlier  ages  the  waters  were  every- 
where salt,  and  rivers  gave  little  aid.  And  if  the  sandy  surface  is 
left  rippled  as  the  tide  goes  out,  note  this,  for  ancient  sandstones 
often  contain  such  ripple-marks  over  their  layers  ;  or  if  the  muddy 
portions  are  marked  with  the  tracks  of  Mollusks,  note  this  also,  for 
in  many  rocks  just  such  tracks  occur. 

If  coral  reefs  or  shell  rocks  are  forming  along  the  shores,  —  as  in 
the  West  Indies,  —  these  formations  should  receive  special  study ; 
for  many  of  the  old  limestones  of  the  world  were  made  in  the  same 
way. 

If  a  heavy  rain  has  gullied  a  side-hill  or  proved  disastrous  to 
roads,  here  is  a  fruitful  field  for  study  ;  for  the  gullies  are  minia- 
ture valleys,  and  they  illustrate  how  most  great  valleys  were  ex- 
cavated, —  the  latter  being  as  truly  the  work  of  running  water  as 
the  former.  The  same  gullied  slope  may  exemplify  also  the  for- 
mation of  precipices  and  waterfalls,  of  crested  ridges,  table-topped 
summits,  and  groups  or  ranges  of  mountain-peaks. 

These  are  some  of  the  points  of  easy  observation.  Many  others 
will  occur  to  the  reader  after  a  perusal  of  the  following  pages. 

A  few  labelled  specimens  of  minerals  and  rocks  are  absolutely  in- 
dispensable for  even  a  partial  understanding  of  the  subject,  and  the 
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student  should  buy  or  beg  tin-in,  if  not  able  to  do  the  brttrr  thing 
of  collecting  th 

Of  MINERALS:  1,  crystallised  quart*;  2,  two  or  three  quartz  pebbles 
of  different  color>  iriety  of  quartz  called  horastont-  <T  tliut ;  4, 

common  feldspar ;  5,  mica ;  6,  black  hornblende ;  7,  a  black  or  greenish- 
black  crystal  of  augite,  and  better  if  in  a  volcanic  rock ;  8,  gar 
tourmaline ;  10,  calcite  (carbonate  of  lime),  a  cleavable  specimen  :   1  I .  .1-  •!- .- 
mite,  or  magneaian  carbonate  of  lime ;  12,  gypsum,  or  sulphate  of  In 
pyritc  (sulphid  of  iron) ;  14,  magnetite,  or  ina_- 

or  specular  iron  ore ;  16,  limonite,  the  common  iron  ore  often  called  "brown 
-|»thic  iron  ore ;  18,  chalcopyritc,  or  yellow 
copper  ore ;  19,  galenite,  or  lead  ore  (sulphide  of  lead) ;  20,  gruj 

Of  ROCKS  :  1,2,  3,  common  compact  limestone  of  three  different  colors, 
one,  at  least,  of  the  specimens  with  a  fossil  •  iialk,  a  var 

compact  limestone ;  5,  6,  white  and  clouded  granular  or  crystalline  lime- 
stone, of  which  the  ordinary  architectural  marble  is  an  example 
red  and  gray  sandstone;  9,  conglomerate,  called  also  puddi: 
shale,  such  as  the  slaty  rock  of  the  coal- format  ion.  and  other  shal. 
Silurian  and  Devonian;  11,  slate,  or  argillyte,  that  is,  common  roofing- 
slate,  or  writing-slate ;  12, 13,  coarse  and  fine-grained  grayish  or 
granite  (to  be  obtained,  like  marbles  and  sandstones,  in  many  stone 
14,  red  or  gray  syenyte,  of  which  the  Scotch  "gran 

••  good  example-  iss,  a  piece  that  has  th<   • 

in  planes,  and  hence  is  banded  on  a  s 
mica  JM  trap,  an  igneou*  r.i-k -.  K  tm--1 

19,  lava,  a  cellular  volcanic  rock;  20,  a  picrc  of  diatom  or  infiiM.rial  .  ,rth 

;ibove-mention«-<!   iniiirraN   -Ix.ul.l 
class,  if  not    in   •  I   it  \\«.uld  I-    \i,-ll   it" 
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the  collection  were  larger.  Moreover,  the  instructor,  if  not  a  prac- 
tical geologist,  should  have  by  him  the  writer's  Manual  of  Geology, 
or  some  other  large  work  on  the  science,  in  order  to  be  ready  to 
answer  the  questions  of  inquisitive  learners,  and  add  to  the  exam- 
ples and  explanations. 

The  student  should  possess  a  hammer  and  a  chisel.     The  best 
hammer  has  the  face  square,   flat,  sharp-angled,  and   the   opposite 
end  brought  to  an  edge ;   this  edge  should 
have  the  same  direction  with  the  handle  (as 
in  the  figure),  if  it   is  to  be  used  for  get- 
ting  out   rock-specimens,  but  be  transverse 
to  this,  and  thinner,  if  for  obtaining  fossils. 

The  socket  for  the  handle  should  be  large,  in  order  that  the  handle 
may  stand  hard  work.  The  chisel  should  be  a  stone-chisel,  six 
inches  long.  Rock  -  specimens  should  be  uniform  in  size,  with 
straight  sides ;  say  two  inches  by  three,  or  three  inches  by  four. 
Fossils  had  better  be  separated  from  the  rock  if  it  can  be  done 
safely. 

For  measuring  the  dip,  that  is,  the  slope,  of  layers,  an  instrument 
called  a  clinometer  is  used,  which  can  be  had 
of  the  instrument-makers.  It  is  a  compass 
having  a  pendulum  hung  at  the  centre,  the 
extremity  of  which  swings  over  a  graduated 
arc.  In  the  best  kind  the  compass  is  three 
inches  in  diameter  and  has  a  square  base.  A 
clinometer  apart  from  the  compass  may  be 
easily  extemporized  by  taking  (see  figure)  a  piece  of  board,  abed, 
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cut  to  an  exact  square  (three  or  four  inches  each  side),  hanging  a 
pendulum  un  ,t  pivot  near  one  angle  (a),  describing  on  the  board, 
with  one  leg  of  the-  dividers  on  the  pendului;  a  arc  of  90° 

(6  to  c),  and  tii.  ii  dividing  this  arc  into  nine  equal  parts,  each  to 
mark  10°,  and  subdividing  these  parts  into  degrees.  - 

"•ell-graduated,  is  sufficiently  ;.  >r  good  work. 

Field  work  of  tin    kind  above  pointed  out  makes  the  farts  in  the 

real.     It  also  teaches  with  emphasis  the  great  lesson  tl 
isting  forces  and  operations  are  in  kind  the  same  that  have  formed 
the  rocks,  the  valleys,  and  the  mountains.      It  thus  prepares  the 
mind  to  appreciate  geological  reasoning  and  comprehend  the  march 
of  events  iii  the  earth's  history. 

NEW  HAVEN,  CONN.,  February  1,  1876. 
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type  kindly  furnished  by  the  publishers  of  the  "American   NaturaliM," 


GEOLOGY 


THE  word  Geology  is  from  two  Greek  words  signifying  the 
story  of  the  earth,  ^.s  used  in  science,  it  means  an  ac- 
count of  the  rocks  which  lie-  beneath  the  surface  and  stand  out 
in  its  ledges  and  mountains,  and  of  the  loose  sands  and  soil 
which  cover  them;  and  also  an  account  of  what  the  rocks 
are  able  to  tell  about  the  world's  early  history.  By  a  careful 
study  of  the  nature  and  positions  of  rocks,  and  the  markings  or 
relics  they  contain,  it  has  been  discovered  how  the  rocks  them- 
selves were  made ;  and  also  how  the  mountains  and  the  conti- 
nents, with  all  their  variety  of  surface,  were  gradually  formed. 
And,  further,  it  has  been  ascertained  not  only  that  the  earth  had 
plants  and  animals  long  before  Man  appeared,  but  what  were 
the  kinds  that  existed  in  succession  through  the  long  ages. 
The  subjects,  therefore,  of  which  geology  treats  -are :  — 

I.  The  KINDS  OF  ROCKS. 

II.  The  ways  in  which  the  rocks,  valleys,  mountains,  and 
continents  were   made,  —  or  CAUSES   IN  GEOLOGY,  AND  THE  m 
EFFECTS. 


111.   The  events  dim;..  cessive  periods  in  the  earth's 

history;  that  is,  what  making  of  rocks  was  going  on  in  each 

what   making  of  mountains  and  valleys,  and  what   ipe- 

cies  were  living  in  the  waters  and  over  the  land   in  cadi,  and 

how  tin-  \\nrld  of  the  past  differs  from  tin-  world  a>  it  now  is, — 

all  of  which    >uhjrrt>,  and   others   rvlalrd,  .uv  trvatrd    under  the 

d  head  of  MIMOIIH  \i.  • 


PART  I. 

ROCKS,  OR  WHAT  THE  EARTH  IS  MADE  OF. 

ROCKS  consist  of  minerals ;  and  the  ores  and  gems  they  con- 
tain are  minerals.  Any  mineral  that  yields  a  metal  profitably  is 
called  an  ore. 

The  following  are  the  characters  of  some  of  the  kinds  that 
are  of  most  importance  in  geology. 

I.  —  Minerals. 
I.  Consisting  of  Silica. 

Quartz.  —  Quartz  is  the  most  common  of  the  materials  of 
rocks.  It  is  well  fitted  for  this  first  place ;  for  (1)  it  is  one  of 
the  hardest  of  minerals,  the  point  of  a  knife-blade  or  edge 
of  a  file  making  no  impression  on  it;  (2)  it  does  not  melt  in 
the  hottest  fire ;  and  (3)  it  is  not  dissolved  by  water,  or  cor- 
roded by  either  of  the  common  acids.  Its  durability  is  its 
great  quality.  With  a  piece  of  quartz  it  is  easy  to  write  one's 
name  on  glass.  Another  quality  of  it,  distinguishing  it  from 
many  minerals  it  resembles,  is  that  it  breaks  as  easily  in  one 
direction  as  another. 
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It   ix  of  \arioua  colors  and  kinds.     Flint  and  k<>r*9ta*e  are 
dark-  moire  quart/.      Tin-  -mooth--nrtaced    itODM 

pebble-bank,  wh<-ther  white,  brown,  yellow,  or  black,  if  uni- 
form ii"!  -prrkled)  in  (•(  h>r,  an-  almost  all  quart/.  Moun- 
tains ihonxaiulx  of  feet  hiirli  are  sometimes  made  of  (|i. 
rocks.  The  sands  of  a  sea-shore  are  mostly  quartz,  because  the 
grinding  »f  j»rticle  against  particle  which  goes  on  under  the 
heavy  dash  or  swift  flow  of  tin-  waters  wears  out  all  other 
d*.  and  leaves  only  the  hard  quart/  panicle-  behind. 

:i  found  in  crystals.     'IV  figure  annexed  show* 
the  form  of  one  .,f  them.      It   is  a   regular  r.-sidrd    pri- 

Ki*.  i.         with  a  ti-xjded    pyramid  at    each  end  ;    and  it   i-  i.fteii 
.rent  as  Lrl --.      I'lvquentU   i  he  crystals  are 
attached  by  one  end   in  «;reat   numlxTs  to  a  surface 
of   rock,  so   that    tin-   surface    i-    brilliant    with    little 
pyramid-  of  quartz  set  crowdnlly  over   it.  or  with 
The   inclination  of  the  face  of  the 
the   adjo:  of   the    pyramid    i-   alua\-   the   -.line 

111      1?    ,  when-ver  the  qi.  •  d   max  conn-  from.      T 

glassy    crystals    are    wholly    natural    production*,    having    their 
II    jx-rfect    and    lu-tre    brilliant    when    lirst    \:\\  tin- 


^Vhile    some    quar1  >r    and    colorl«'s«j.    othrrs 

have   a   purple  color,  and    the*.-   are   the  <m 
()th«T-    liavr    a    liirlit-yrlli.w   c<,l«,r.    lookiiiir    like   tojui/,   and    an- 

olor,  and 

0     '!;•        I  If    •:  *m     "i    •  •     of    Sr,,tl.ni.l. 
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Still  other  kinds  of  quartz  are  the  agates,  in  which  the  color 
is  arranged  in  thin  bands  or  layers  of  different  shades  of  color, 
as  white,  smoky-brown,  red,  etc. 

The  material  of  quartz  is  called  in  chemistry  silica,  from  the 
Latin  word  silex,  meaning  flint. 

Quartz,  while  so  enduring,  when  pulverized  and  heated  fuses 
easily  with  soda,  potash,  lime,  magnesia,  or  oxyd  of  iron,  and 
forms  a  kind  of  glass ;  and  ordinary  glass  is  made  by  melting 
together  quartz  sand  and  soda.  Again,  hot  waters  containing 
soda  or  potash  in  solution  will  dissolve  silica,  and  on  cooling 
deposit  it  again.  The  waters  of  hot  springs  usually  contain 
silica,  which  they  have  taken,  along  with  soda  or  potash,  from 
some  rock  with  which  they  have  been  in  contact.  Through 
deposits  from  such  solutions  (1)  agates  have  been  made;  (2) 
fissures  in  rocks  have  been  filled  with  quartz,  and  the  fractures 
thus  mended;  and  (3)  the  sands  of  sand-beds  and  gravel  of 
gravel-beds  have  often  been  cemented  into  the  hardest  of  rocks. 

Opal  is  also  silica,  but  it  differs  from  quartz  in  being  softer, 
of  less  specific  gravity,  and  never  crystallized ;  and  in  the 
precious  opal  it  has  a  beautiful  play  of  colors  arising  from 
internal  reflections.  The  silica  of  diatoms  and  of  sonic  de- 
posits made  by  geysers  is  in  the  state  of  opal. 

2.  Silicates. 

Silica,  while  existing  in  rocks  abundantly  as  quartz,  also 
makes,  on  an  average,  a  third  of  all  their  other  minerals, 


ROCKS,  OR  WHAT  THK    KAflTil    Is    MAM 

limestones  excepted ;  that  is,  it  exists  coml>in<-d  \\iili  other 
substances,  making  various  common  minerals.  Tin >e  mineral- 
containing  silica  are  called  silicates. 

L  Feldspar.  —  The  most    mimrsal  of  these  silicates  are  the 
kinds  railed  feldspar.     Besides  silica,  a  feldspar  contain*   the 
•  Irments    of    alinnina,    and    of    (xitash,  soda,    or    lime.      (',• 
dum   is   nothing   but   alumina  ;    and    the   beautiful    p-m 
pkirt  is  only  a  clear  l»lu<  ;    and  the  hard  t-mery 

used  for  grinding  and  polishing,  and  often  in  little  emer\- 
bags  for  sharpening  needles,  is  the  same.  It  i-  th« •  h;u 
of  all  stones  excepting  the  diamond,  and  hence  it  is  a  pun! 
companion  for  quartz  or  silica  in  rock-makmir.  Tin-  two, 
silica  and  alumina,  in  combination  top  t  her  make  minerals 
that  are  harder  and  no  less  infusible  than  <juart/;  but  when 
combined  also  with  potash,  soda,  lime,  or  iron,  the  mineral- 
it  form-  melt  more  or  less  easily. 

>par  has  usually  a  white  or  flesh-mi   color,  and 
nmes   might  be  mistaken  for  quart/.     \\\\\   (1)   it   is  not  .jmtc 
so  hard  as  quart/,   though    too   hard   to   be   scratched    with   a 
knife  :    and,   betid  '    melts   when   hiirhlv    1 

breaks  in  one  direction   with  a  bright  even  n  liiant   in 

the    sunshine,    and   also   in    another   direction   at    n<:ht  angles 

nearly    so   to    the    former,    but    leas    casi! 
fracture    railed,    in    m  While    quartz   has 

no  cleavage,  feldspar  has  cleavage  in  two  direction-,  trans- 
verse to  one  another. 
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Common  feldspar  (called  orthoclase  in  mineralogy)  is  a  pul- 
ash-feldspar,  it  containing  the  elements  of  potash  along  with 
those  of  alumina .  and  silica ;  another  is  a  soda-feldspar 
(albite)  ;  others  are  soda-and-lime  feldspars,  and  one  of  these, 
called  labradorite,  is  a  constituent  of  many  igneous  rocks ; 
and  another  is  a  lime-feldspar. 

2.  Mica.  —  Mica   (often  wrongly  called  isinglass)  splits  very 
easily  into  leaves  thinner  than  the  thinnest  paper,  which  are 
tough   and   elastic,    and   frequently    transparent.      It   does   not 
melt  easily,  but  fuses  on  the  thin  edges  with  high  heat.     It 
is  the   transparent   material  commonly  used   in   the   doors   of 
stoves.    -Some  mica  is  white,  or  gray;   it  is  oftener  brownish, 
and    very    frequently    black.     Like    feldspar,    it    contains    the 
elements  of  silica  and  alumina;    the   most   common   light-col- 
ored  kind  has,   besides  these  constituents,   potash ;    the  black 
kind  contains  magnesia  and  iron. 

3.  Hornblende.  —  Black     hornblende,    when     occurring     in 
rocks,  often  looks  much  like  mica,  showing  lustrous  cleavage 
surfaces;    but  it  is  a  brittle   mineral,   and  hence  cannot,  like 
mica,  be    split    into    thin,  flexible    leaves    or    scales    with   the 
point  of  a  knife.     It  makes  very  tough  rocks,  and  hence  the 
first  part  of  the  name,  horn;  the  rocks  are  heavy  and  some- 
times look  like   an   ore  of  iron,  and   hence   the   second   part, 
blende,   a    German   word    meaning   blind   or   deceitful.      It   is 
a   silicate,   that   is,   it   contains    silica,    but   with  it   there   are 
iron,  magnesia,  and  lime.     There  are  other  kinds  of  hornblende, 
but  they  need  not  be  mentioned  here. 
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4.  Augite.      Augite  is  black  or  dark-irrvm  pyre****,   ha\- 

ing  the  same  ct)in|Misition  as  hornldmdr,  ami  dill'rrinir  onl\  in 

tin-  >ha|x-  «.t'  its   crystals.     It   is   named    from    a    (invk   word 

HILT  ///.»//•<•,  because  its  crystals  are  ol'im  l>riufhi,  tlmuirli 

not  more  so  than  those  of  hornblende 

Two  of  the  crystals  of  hornblende  are  represented  in  Figs. 
2,  3,  and  on,  of  those  of  augite  in  Fig.  !.  The  nn-1,  ,,! 

o. 


(  4.  Ai«te :  5.  G«Mt  to  Mka  Kkl* 

the   pri-m    ..!'   ;mLriic    (or   that    betwwn    /   ami    /    in    I'i'-r     I 
is  about  87°;   whilr   tin-  anirlr  ..f  ill.-   j)ri-ni  i.f  l»ornl)lrnd.     !,••- 
tween   /  and   /  in  Fig.  '2    H    \:l\\   :   it   i-  owin-r  to  this  ditlrr- 
ence  mainly  that    ImrnMnidr  and  auiritr  ha\.-  di-tn 

5.  Garnet  —  Usually    in    dark-mi    crystals,    lint    nl'ti-n    aUn 

black,  and  occurrniLf   inilx-dd.-d   in   mira  sc!ii>t  and   utlu-r  n><  k-  ; 

jtreaented    in    Fig.    '>.   «-,,ntain^    -ilu-a.    alumina,    in. ii,    :md 

\\hrn  tnin-|>arcnt   it  is  used  as  a  gem. 

3.    Carbon  and  Carbonates. 

Carbon    is    t'.umliarh    known,   though    in    a    st.it.-    n..t    (jnit*- 
M  common  charcoal.     The   diamond  is  crytki 
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bont  and  can  be  burnt  like  charcoal,  though  not  without  in- 
tense heat.  Graphite  (or  black  lead,  as  it  is  often  badly 
named,  since  it  contains  no  lead)  is  also  carbon;  it  is  the 
material  of  lead-pencils. 

Carbon  combined  with  oxygen  in  certain  proportions  forms 
carbonic  acid,  an  ingredient  of  the  atmosphere,  it  constituting 
4  parts  by  volume  of  10,000  parts  of  air;  it  is  the  gas  that 
escapes  from  effervescent  waters  like  soda-water.  Its  com- 
pounds are  called  carbonates. 

L  Calcite.  —  Calcite  occurs  in  crystals  that  break  easily  in 
three  directions,  affording  forms  with  rhombic  faces,  like  Fig. 
6;  the  angles  between  the  faces  are  105°  5' 

r  i *s.  o  •  o« 

and  74°  55'.  A  very  common  form  is  called 
dog-tooth  spar ;  the  shape  is  shown  in  Fig. 
7.  Another  kind  is  a  6-sided  prism  with 
a  low  pyramid  at  either  end  (Fig.  8).  Cal- 
cite is  easily  scratched  with  the  point  of  a 

Caicit6. 

knife.  In  a  rock  form,  it  is  limestone. 
When  calcite  or  limestone  is  burnt,  carbonic  acid  escapes  as 
a  gas,  and  lime  (called  quicklime,  the  material  that  slacks 
in  water  and  is  used  for  making  mortar)  is  left.  Calcite  is 
carbonate  of  lime.  When  a  grain  of  calcite  is  put  into  di- 
lute hydrochloric  (muriatic)  acid,  carbonic  acid  gas  is  given 
off  freely,  producing  a  brisk  effervescence,  and  the  calcite  be- 
comes wholly  dissolved  if  it  is  pure.  By  means  of  (1)  its 
effervescence  with  acid,  (2)  its  low  degree  of  hardness,  (3) 
i* 
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its  infusiliilit\    in   tin-   hoitr-'    |]  I    its    Imniini?   to 

lime  instead,  calcitc  «>r  limestone  i-  easily  distinguished  from 
feldspar  .mil  oih.-r  unii'  i,  The  cleavages  in  calcite  also 
separate  it  from  teld-p  the  number  of  directions  is 

.mil    tin-   angle   between    them    is   about     h»:,     instead  of 
about  90°. 

2.  Magnesian  Limestone,  or  Dolomite.—  LimrMon.-  SOUK •tinn •> 
nmtains  magnesia  in  place  of  jwrt  of  thr  linn-,  and  it  is  th«-n 
called,  in  mineralogy,  dolomite,  after  Doloinim,  a  Fn-n.-h 
geologist  of  the  last  cutnrv.  I1  >r  magnesian  Iimr- 

does  not  effervesce  freely  unl«->s  the  acid  is  heated,  and 
in  this  respect   it    di tiers  from  calcite.     In  aspect,  calcn 
dolomite  are  close!  v  •£ 

4.   Ores. 

The  following  are  a  few  of  the  common  ores. 

L  Pyrite.  —  Pyrite  has  nearly  the  color  and  lustr- 
It  is  so  hard  that  it  will  strike  lire  with  lied     IfhcDOC  Hi  name, 
from  the  Greek  for/rr).  and   m  tni^  it   ditler>  fn.m  .1   \rllow 

Ore     Of     COJIJUT,     called      eh.dcM],\rite     or     <'0|)|HT     |)\  Tlte>,     which 

it     much    re-rmlde*.      It    i-    verv    often    in 
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like    Fig.   '.'.      h    OOttsiftl    of    sulphur    and    iron, 
nearly   48   part  _rlit    in    I  nu   b.-inir  iron. 

I'.oth     of     tlle-r      rlrmeliN      h.i 

for  .Hid    co!IM-i|iir||tl\    |)\nte  often   c'liangCS 

to    \itriol,    or    el-r    form-    the    o\\d    of    iron    called    liimmite. 
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It  is  of  no  use  as  an  ore  of  iron,  because  of  the  difficulty 
of  separating  the  sulphur;  but  it  is  often  employed  for  the 
making  of  vitriol  (sulphate  of  iron).  It  is  the  most  gener- 
ally distributed  of  all  metallic  minerals,  occurring  in  particles 
through  most  rocks,  crystalline  as  well  as  uncrystalline.  Ow- 
ing to  the  tendency  to  alteration  just  mentioned,  it  has  caused 
the  destruction  or  disintegration  of  rocks  over  the  earth's  sur- 
face to  a  greater  extent  than  any  other  agency. 

2.  Magnetite,   or   Magnetic   Iron   Ore,  —  An  iron-black   ore 
of  iron,  having  a  black  powder.     It  is  attractable  by  the  mag- 
net.    It  is  common  in  Northern  New  York,  Orange  County, 
New    York,    Sussex    County,    New    Jersey,    and    many    other 
regions.     It   consists   of    oxygen   and   iron   in   the   proportion 
of   4   atoms   of  the   former   to  3  of  the   latter,  and   contains 
72  parts  of  iron  in  100. 

3.  Hematite,  or   Specular  Iron  Ore.  —  A   steel-gray  ore   of 
iron,  but   often   also  bright  red,  the  powder   being  red.     Red 
ochre   is  an   earthy  hematite.     It   is  not  attracted   by  a  mag- 
net.     Like   magnetite,    it   occurs   in   great   beds   in   Northern 
New  York,  in   the  Marquette   region,  near  Lake  Superior,  in 
Michigan,  and  many  other  places.     It  consists  of   oxygen  and 
iron  in  the  proportion   of  3  atoms  of  the  former  to  2  of  the 
latter,  and    contains,  when  pure,  70  parts    by  weight  of   iron 
in  100. 

All   rocks   of  a  reddish  or  red  color  owe  the  color  to  this 
oxyd  of  iron. 
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Hematite  and  magnetite    occur,  with   small   exception*,   in 
beds   instead  of  fans,     When  the  beds  are  vertical  or  nearly 

so  they  look  like  veins. 

4.  Limonite,  —  A    brown,   browni-h-yellow,  or  Mack  ore  of 
iron,    affording    a    brownish-yellow    powder,    sometimes    called 
brown  hematit*.     Yellow  ochre   is    impure  or  earthy  limonite. 
It   differs  in  conijxisition  from  hematite  only  in  coutainini:  \\.i- 
ter;   and   if  heated   the   water  is   driven  of!',  and    it    1... 

red,  or  hematite.  It  contains,  when  pure,  alxnit  (in  per  n-nt 
of  iron.  It  is  a  result  of  the  decomposition  of  other  iron  ores, 
and  forms  great  beds  in  some  regions,  as  near  SalMmry  in 
Connecticut,  and  Richmond  in  Massiehu-ett*.  |?  [soften  found 
in  lx.^,  and  I*  tlien  called  bog-iron  ore.  Limonite  i<  ,,f|rl, 
iiiin.ited  through  ela\x,  LTi\  inir  them  a  \ello\\  i*h  or  hrown- 
i>!i  c«i|nr;  and  mob  dbjl  wlu-n  heated  turn  red,  hre.niM-  tliev 
lose  the  water  which  makes  limumte  to  diller  fr<»m  hematite. 
Tin-  i<  the  reason  that  l)ricks  are  usually  red.  (  l,i\ 
makini:  white  pot  ten  mu-t  emit. mi  in>  iron. 

5.  Siderite,   or   Spathic   Iron   Ore.  —  A   gra\    to    hn.\m    tMC, 
without     metallic    ln>ti  run   and    e.ir- 
lionic   aciil.      When    pun-   alunit                       in    H><>  an'    iron.      It 
OCCin                                           o  in    iinpun-  massive  nodular   f«>r 
The   iron  ore   of    man\    «-u:il    r-  uvular 

[I  hea\\    mineral     t!  5    or 

•id  hy    tl;  it   m.i\    !  .i^he.l    fn.m  other 

grayish    »r    hn.wnish    ||  In    heated    Imlmchh.ric    acid    it 
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effervesces,  owing   to   the   escape   of   carbonic  acid.     This  ore, 
like  limonite,  is  sometimes  present  sparingly  in  clays. 

6.  Chalcopyrite,   or  Yellow    Copper   Ore.  —  A    brass-colored 
mineral  consisting  of  sulphur,  iron,  and  copper,  about  a  third 
of  which  is  copper.     It  is  scratched   easily  with  a  knife,  and 
affords   a    dark-green    powder,    and    thus    differs   from  pyrite, 
which   it  resembles.      It   occurs   for   the    most   part   in   veins 
with  other  ores. 

7.  Galenite,    or   Lead   Ore.  —  A   lead-gray    ore,   brittle    and 
easily  pulverized,  and   affording  a  lead-gray  powder.     It  often 
cleaves   into   cubic   or   rectangular   forms.     It   is  the  common 
lead   ore.     It   often    contains  a  little    silver,  and  is  sometimes 
worked  as  a  silver   ore.     It   occurs   in   cavities  in  limestones, 
as  in  Northern  Illinois,  Wisconsin,  and  Missouri,  and  in  Der- 
byshire,   England ;     and    is    often    found    also    in   veins   with 
other  ores. 

II.  —  Kinds  of  Rocks. 

THE  following  arc  the  characters  of  some  of  the  common 
kinds  of  rocks. 

1.  Limestone;  Magnesian  Limestone. — These  rocks  are  partly 
described  on  pages  9  and  10.  They  are  of  dull  shades 
of  colors,  from  white  through  gray,  yellow,  red,  and  brown 
'to  black,  and  of  all  degrees  of  texture,  from  that  of  flint  to 
a  coarse  granular  texture.  The  test  by  acids,  by  heat,  and 
by  a  use  of  the  point  of  a  knife  in  trial  of  the  hardness, 
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an-    the   means  of  distinguishing  linn  m  other 

Chalk  i-   lime-tone.     Ordinary  marble  is   1:  and   lome- 

times  the  magnesian  kind. 

The  ditlerent   kind-  of  limestone  are  called  calcareous  rock-, 
from  the   Latin   ,-,ils,  meaning  lime. 

2.  Sandstone.       Sandstone  is  a  rock   made   of  sand.      Tin 
sand    may   be   quartz,   like    the    sand    of  most   sea-shores,   or 
pulverized   granite   or  other   rock;    when   gathered    into    beds 
and  consolidated,  it   makes  sandstone.      8  H  an-  tin-  ino-t 
eommon   of  rocks.     They   have   various  dull   colors,  from    white 
through   irray,    \ello\v,   and    brown  to  browni-h-red   and    red. 

3.  Conglomerate.       A   conglomerate   or   puddin^r-ston. 
con-olidated    Lrra\el-bed, —  gravel  being  sand   mixed  with  peb- 
bles or  small  stones.     The  stones  are  sometime-  larir<  . 

'i    diameter.      They    an-    often    of    quart/,     sometimes    of 
other  hard   rocks,  and  occasionally   of  In 

4.  Shale.  —  Shale    is    a    tine    mud    or   ela\    consolidated    into 
a     rock     ha\inuf    a     slat\      tract  lire,     (nit     lr>-     e\enl\      -lat\      ;ind 

less   firm    than    true   slate.      The   colo»  like    the    colors 

of  mud    or  cla\.    from    irrax    ;md    \ello\\i-h    shade-   tlin>uirh    red 
and    brown   to   black.      Black    i-    a    common    col(M  ISf    the 

animal-   that     li\e    and   die   in    the    mud 
contain    carbon,    the    chief   element     of    eo.il,    and    coiitribir. 

irhoiiaceoUB   substances    to    the    mud.  Such   black 

shales,  when   burnt,  u-nall\    b                            r  nearl\  so,  because 

•  u'etable     or    animal    malt-rial    i-    then    burnt  out 
the    same  reason   black   lime-ione.s   all'ord   white 
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The  loose  earthy  material  of  the  world,  in  and  out  of  the 
water,  is  mostly  either  sand,  gravel,  mud,  or  clay;  and  thus 
it  has  been  through  all  ages.  Sand  is  finely  pulverized  rock. 
Mud  is  the  same,  for  the  most  part;  but  it  may  contain 
rock  that  is  decomposed  as  well  as  pulverized.  Clay  is  a 
fine  kind  of  mud;  it  is  mainly  either  pulverized  feldspar 
along  with  quartz  in  fine  grains,  or  else  decomposed  feldspar 
with  more  or  less  quartz.  It  comes  from  the  pulverizing  of 
granite,  gneiss,  and  other  rocks  containing  feldspar,  or  from 
their  decomposition.  Clay  often  contains  iron;  and  when 
burnt  to  make  brick  it  then  becomes  red.  Gravel  is  mixed 
sand  and  pebbles. 

The  consolidation  of  sand  makes  sandstones;  of  pebble- 
beds,  conglomerates;  of  fine  mud  or  clay,  shale. 

5.  Argillaceous    Sandstone.  —  When    sands   are    clayey,    the 
beds  make,  when  consolidated,  a  clayey,   that  is,  argillaceous, 
sandstone   (argilla,  in  Latin,  meaning  clay}.     Such  sandstones 
usually  break  into  thin  slabs,  in  which  case  they  are  said  to 
be  laminated  sandstones;    and,  if   of   sufficient  hardness,  they 
make   good  flagging-stone  for  sidewalks.      The   common   flag- 
ging-stone  used    in    New   York    and    adjoining   States   is   an 
argillaceous  sandstone. 

6.  Slate.  —  Slate,   or  argillyte,  differs    from   shale  in  break- 
ing much   more  evenly,   and   being  much   firmer.      The   slates 
used  for  roofing  are  examples. 

7.  Granite.  —  Granite   is   one   of   the   crystalline  rocks,   its 
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ingredients  being,  not  worn  grains   hkr  ilio>«-  of  a  sands' 
or    eimLrlomrrate,    but    crystalline    grains,  —  all    having    been 

rvmi  -:alline   together  by  a  process  in  which  heat   w;is 

concerned    (p.  26).      It   consists  of  grains  of   three   mineral-, 
v/jar,   mica,   mixed   promiscuously    together.      Tin 
<|iiar  ually  grayish   or  smoky  in   color    (rom- 

monly  of  a  darker  tint  than  the  feldspar),  and  have  no  cleav- 

I'he    grains    of  feldspar   have   cleavage,   and    tlien 

I    Miiooih,  sparkling  surfaces  when  a  fragment  of  granite 

>.posed    to    the    sun,    and    their    eoh>r    i>    usually    white   or 

Mesh-red.      The   mica   is   mneh    -oft.  r    than   the    fehUpir.    and 

with   a    ]  t    knife-hlade    it-    irrains  may   b<-   diviihd    into 

thin,  tlexihle  seal.  >lnr-  are   white,   hro\vni>h,  or  black. 

8.  Onem  —  Gneiss   has   the  same   constituents  as   granite; 
but    these  constituents   are   arranged   more   or   le>s    in    planes, 
and,  o\\inu'   t"    the    mica,  the    n»-k    >plits   into   thick    la\ers,  and 
on  a  cross  fracture  appears  banded.     On  account  plit- 

into   li\ers   gneiss  is   said   to  be  a  schistose   rock 
term   hemu'  derixed    from  a  Greek  word   meanini;  tu  divide,  and 
l»ronounced    a>    if   -jx  It    xhixt»xr\ .     This   x-histose   structure  is 
the  o!il\    one   diMinu'ui-liinir    it    from    trramte.      It    i-    somewhat 
like   the   laminated   >truetnre. 

9.  Mica  schist  —  Mica   -ehi>t   has  the  same  e..n-titm-ntx   ;is 

.ud    gneiss,    but    the    (juarl/    and    mica    are    much    the 
•    almndant,   |]  dly    the    n  id    on   account 

the    Ian/  lion    of    mica,    mica    schi>t    di>ide<    into    thin 
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layers.  It  glistens  in  the  sunshine,  owing  to  the  scales  of 
mica.  Sometimes  the  scales  of  mica  are  indistinct,  and  then 
it  is  called  mica  slate. 

The  crystalline  rocks,  granite  and  gneiss,  and  gneiss  and 
mica  schist,  pass  into  one  another  through  indefinite  shadings. 
There  are  granites  that  are  slightly  gneiss-like,  and  all 
grades  to  true  gneiss;  and  there  are  all  grades  from  gneiss 
to  mica  schist,  so  that  it  is  sometimes  difficult  to  say 
whether  a  rock  should  be  called  granite  or  gneiss,  and 
whether  another  should  be  called  gneiss  or  mica  schist. 
Again,  mica  scliist  shades  off  through  mica  slate  into  argil- 
lyte,  or  clay  slate,  as  the  crystalline  texture  is  less  and  less 
apparent. 

10.  Syenyte.  —  Some   granite-like   rocks   contain   hornblende 
in  place  of  the  mica,  and  such  kinds  are  called  syenyte.     The 
hornblende    is    grayish-black,    greenish-black,    or    black,    and 
differs   from   black   mica   in   being   brittle,    and  hence  in   not 
affording  thin,  flexible   scales.      This   fact   indicates   the   kind 
of    examination    to    be    made    to    distinguish    syenyte    from 
granite.      The   so-called  granite   of  the  Quincy  quarries,  near 
Boston,  and  the  red  Scotch  granite  imported  for  monuments, 
are  syenyte. 

11.  Syenyte  Gneiss ;  Hornblende  Slate,  —  Syenyte  gneiss  differs 
from    ordinary    gneiss    in    containing    hornblende    instead    of 
mica.      Hornblende  schist  or  slate  is  a  black  slaty  rock  con- 
sisting mainly  of  hornblende. 
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12,   Trap;  Volcanic  Rocks.  —  Trap  is  an  igneous  rock,  that 
i    has   coo l,-il    I'riiin    fu-ion,    like   tlic   l;ivas  of  a   volcano. 

It  cam.     to   the   surface    in    a    melted    -tate,    through   an   op. 

:'rom  some  deep-seated  region  of  liquid  n>rk.  Tin 
part  lilliiiir  a  fissure  is  called  a  <//Xr.  h  has  sometim.- 
flowed  from  the  fissure  over  the  adjoining  eountrv.  Trip 
is  a  dark-colored,  heavy  rock,  more  or  less  crystalline  in  tex- 
ture, It  consists  of  a  lime-alid--oda  feldspar  ealled  / 

:roiu   Labrador,  where  it   was   I'IM    found  i    and   rag 
alonir  with  grains  of  magnet  it.-.       It    i-  thr  rock  of   the   I'uli- 
s   along   the   west  side  of  the    Hudson    River  above    N 

1     Mount     llolvoke    near    Northampton,    and    \ariou< 
i-    lulls    and    ridges    in    the    Connecticut    Vail-  manj 

ridges    in    the    \icinit\    of    Lake    Superior,    and    o\«r   the    \\.-i- 
ern   -lop.    of  the    Kock\    Mountains;    of  tin     ' 
on    the    north   coast    of    Ireland,    and    Stalla    on    the    \\rstcrn 
Coast  of  Scotland  ;    and    i-   common   over  the   L'lohe. 

•p  contains  -mall  nodules  consisting  of  dill'erent 
mineral-.  The-r  nodules  till  cavities  that  were  made,  while  the 
rock  Was  >tll)  melted,  l>\  expanding  \apors.  Till-  \an.!\ 

trap  is  called  tmyfjblohl,  h.-c.iu-e  the  little  nodules  somet inn-- 
have the  shape  of  almonds  (amygdalum,  in  Latin,  mean  mi: 
aim*  ;.dlv  if  \erv  fine  trrain-  died 

batalt.       It    freipientlv    (»ccnr-    in    columnar    forms,    as   at    the 

,    maiiv    places    in   the    I^ike    Su|x-rior    n - 
and  elsewhere. 
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Volcanic  rocks,  called  lavas,  are  those  that  have  been  ejected 
in  a  melted  state  from,  or  about,  an  open  vent  called  (from  the 
Latin  for  bowl)  a  crater.  Eruptions  around  the  crater  make 
the  fire-mountain,  or  volcano. 

The  larger  part  of  lavas,  and  of  all  igneous  rocks,  are  simi- 
lar in  composition  to  trap,  although  often  very  cellular  rocks, 
and  sometimes  resembling  much  the  scoria  of  a  furnace. 

Other  volcanic  and  igneous  rocks  are  mainly  feldspar  in 
composition,  and  as  they  therefore  contain  little  or  no  iron, 
they  are  less  heavy  than  trap.  Their  specific  gravity  is  mostly 
2.5  to  2.8,  while  that  of  the  trap  series  is  2.8  to  3.2.  A  com- 
mon kind,  rough  on  a  surface  of  fracture,  is  called  trachyte  ; 
and  another,  containing  isolated  crystals  of  feldspar,  is  porphyry. 

Sand-rocks  made  out  of  volcanic  sands  are  called  tufas. 

III.  —  Structure  of  Rocks. 

L  Stratified  Rocks.  —  Most  rocks  consist  of  layers  piled  one 
upon  another;  and  the  series  in  some  regions  is  thousands  of 
feet  in  height.     Figure  10  rep- 
resents  a   bluff  on  the   Genesee 
River  at  the  falls  near  Roches- 
ter.    In  this  section  Nos.  1  and 
2  are  sandstone;    No.  3,   green 

L    1          XT          l      V  -IVT          ^  Section  on  Genesee  River. 

shale;  JNo.  4,  limestone;  No.  5, 

shale;  No.  6,  limestone;  No.  7,  shale;  No.  8,  limestone  again. 
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Ptrt  of  Uu  will  of  U>*  Colorado  CaAon.  tnm  a  pfcotafraph  br  Powtll  •  ExptdiUoa 

pit-  i>   lirrr    (,!  1  1      from   th, 

.     Tin-  ln-iu'lii   <>t'  the  pilr  of  IIIV.TN  in  \ir\\ 
:;.!  hi   f,-rt  ;    Inn    thr    ri\rr    !lo\\-  low.  ami   IM-IKT 

•iit    of    tin-    wall     is    f>.-  11    aimtl.i-r 

|)lr    from    tin-    '  OB    JWllfr     1 

thai     •  1  j     thr     la\«  r-     P 
aiuithi  '  '  with    th«-    1.. \\f-t  ;    tliat      '2)    the    Miecewive 

•     time    in    gr. 
hutorv. 
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Eocks  consisting  thus  of  beds  are  called  stratified  rocks, 
from  the  Latin  stratum,  meaning  bed. 

But  layer  and  stratum  in  geology  have  not  the  same  mean- 
ing. In  Fig.  10  the  lower  sandstone  bed,  No.  1,  consists 
of  many  layers;  together  they  make  a  stratum.  No.  3  is 
another  stratum,  —  one  of  shale;  No.  4,  another,  —  one  of  lime- 
stone, and  also  made  up  of  many  layers  ;  and  so  on.  Thus 
there  are  eight  strata  (strata  being  the  plural  of  stratum)  vis- 
ible in  the  bluff;  and  each  consists  of  many  layers.  All  the 
layers  of  one  kind,  lying  together,  make  one  stratum. 

Sandstone,  shale,  conglomerate,  and  limestone   are  the  most 

Kommon  kinds  of  stratified  rocks.  Gneiss  and  mica  schist  are 
Iso  of  this  nature,  although  crystalline  in  texture. 
2.  Unstratified  Rocks.  —  Unstratified  rocks  are  not  made  up 
v/f  layers.  The  granite  about  the  Yosemite,  in  California,  is  in 
lofty  mountains  and  mountain-domes,  showing  no  distinct  bed- 
ding or  stratification;  and  the  same  is  the  character  of  most 
granite.  The  trap-rocks  of  the  Palisades,  on  the  Hudson,  rise 
boldly  from  the  water  and  have  no  division  into  layers;  but, 
instead,  a  vertical  division  into  imperfect  columns,  —  a  com- 
mon feature  of  such  trap-rocks,  illustrated  0:1  the  next  page.  It 
is  not,  however,  true  that  all  igneous  rocks  are  wwstratified  ;  for 
where  lavas  have  flowed  out  in  successive  streams  over  a  region, 
those  streams  have  made  successive  beds,  and  the  rocks  are 
truly  stratified.  But  the  term  stratified  rocks  is  usually 
applied  only  to  the  kinds  not  of  igneous  origin. 
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Till:    i:\UTIi    Is    M\l.l 


'olimmar  .-triirinnj  of  sonn  -   well   illu>lnti- 

cd  in  the  following  \iew  of  a  scene  on  the  shores  of  Illawarra 


in  New  South  Wales,  Au>tnili:i.     \Vliilr  stnt itiratn.n  has  come 
from  thr  successive  M    of    beds,  these    rolumns   are  a 

n-sult    of    thr    cooling.     Cooling    causes    contract  ion,    and    the 
rontr.i-  1    rock   as   coolinir   wi-nt    on    profluced 

the  fractures.  •  irtnn-s    an-  :il\\;i\>  at    riirht  aiiL'lr-,  or 

nearly  so,  to   thr   cooling  surfaces.     When-  tin-  rock  iilN  \<T- 
tical     fissures,    tin-     c"luinii-    an-    hori/ontal.       Kvcn     sandstones 
have  Ix-rn    n-ndrn-d   rolmnnar   uhrn-   ovrrl.iid    1»\    1)«(U   of  trip, 
•irn   they  have  been  Mihjected  otherwis<-  to  heat. 
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PART  II. 

CAUSES  IN  GEOLOGY,  AND  THEIR  EFFECTS. 

UNDER  the  head  of  Causes,  Geology  treats  of  the  ways 
in  which  (1)  rocks,  (2)  valleys,  (3)  mountains  and  continents 
were  made;  or,  in  general,  the  means  through  which  all 
changes  have  been  brought  about. 

I. —  Making  of  Rocks. 

THE  rocks,  briefly  described  in  the  preceding  pages,  have 
been  made  by  the  following  methods. 

1.  Rocks  formed  from  fusion.  —  Igneous  rocks  are  here  in- 
cluded, or   those   that   have   cooled   from  a  melted   state  after 
ejection   from   some   seat   of  fire  within  the  earth.     They  are 
crystalline   in   texture,    each   grain    being   a    separate    crystal; 
yet   the   small   grains   are  so  crowded  together  that  they  have 
nothing  of  the  external  forms  of  crystals,  and  sometimes  they 
are  too  minute  to  be  easily  distinguished.     Igneous  rocks  are 
of  small  extent  and  importance  over  the  globe  compared  with 
those  made  through  the  action  of  water. 

2.  Rocks  made  by  deposition  from  waters  holding  the  mate- 
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rial  of  them  in  solution.  —  Waters  containing    lime    ..fin,    ,1, - 
posit  it,  and  so  make  a  kind  of  limestone. 

Waters   percolaimi:  through  th«-  lunotone    roofs  of  cavern*, 

as  they  evaporate   on    the  nn   long   pendent    . 

e\lmder*    ol'    lime*tone    called  stalactite    (from    th<     (,n«-k    I'm- 

;   and   tin-   same   water-,   dropping   n>   tin-    llo«»r  of   the 

cavern,  there  evaporate  and  produce  a  bitl  of  liincston.    called 

xf  a  I  tiy  miff. 

Thrrc   are   man\    springs,   and  a   fei  in    the    world, 

wlni-r    waters  are   calcareon*.     Tlir\    p.tnt'v   tin-    moot,    I- 
and    nut>    of   swamps,  and  sometime    makr   thick    Ix-ds  \0iich 
are  very  porous,  and  irregular  in  thirkm-s*  and  t.xtiin-.  callrd 
calcareous  tufa,  and  .      '  )n   (iardu  :.  in 

the  Yellowstone   Park,  at    tin-   Minnnit  «•!'  tlic    Rockv   Mmint 

lorniini:.  and    tin-    nvrr    is    tlin-    made    into 
a  aerVs  I'ut    such    !x-d>  of   linn  i(  «.f 

even    less    «-\i«-nt    and     iiriportaiH-r    than    iirm  mi*    n»ck-.       \«un- 
of  the   irreat    1  -lie   \\orld    were   ihn-   n, 

I'lcn      Imld      tnirrs     of     >ilie;i     III     solutimi.     e«jH-eidl\ 
if    h  dkaline.     and    depnsjt     it     aL'ain,    inakinir    silicrou* 

beds  and   per  nt    an-    men- 

tioned    bevc.nd,    union.:    ||,t  ,,)      fork  -  Ilia  k  inir. 

1     watrr     -eldurn     d  unles*     where      it 

the    remain*    of    *ilieeo  .  lltlolied    on     j.aLr«' 

3.   Rocks   made   by   the   mechanical   agency   of   waters   and 
winds,  exclusive  of  limestones.       Tar   tin-   \n-j<  r  ji.irt  of  nx  k* 
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are  frag  mental  rocks ;  that  is,  they  are  rocks  made  out  of 
fragments  of  older  rocks.  The  finest  mud  or  clay  consists 
of  fragments  of  rock-material,  and  hence  a  shale  —  a  rock 
made  from  fine  mud  or  clay  —  is  a  fragmental  rock  as 
much  as  a  sandstone  or  conglomerate. 

A  large  part  of  the  fragments  —  or  the  sand,  pebbles, 
mud  —  were  made  by  the  wearing  action  of  moving  waters; 
and  hence  such  material  is  called  detritus,  from  the  Latin, 
meaning  worn  out.  The  agency  of  greatest  effects  and  long- 
est action  in  past  time  has  been  the  ocean;  that  of  next 
importance,  rivers;  that  next,  winds.  But,  preparatory  for 
these  agencies,  the  air,  moisture,  and  the  sun's  heat  have 
been  always  quietly  at  work  giving  aid  in  the  reduction  of 
rocks  to  fragments  or  grains;  and  thus  the  ocean,  rivers,  and 
wiiuls  have  found  much  loose  material  ready  for  them,  in- 
stead of  being  left  to  make  all  that  was  required  for  their 
work  in  rock -making. 

The  sand,  gravel,  and  mud  or  clay  of  which  rocks  have 
been  made  were  in  general  deposited  as  a  sediment  from  the 
waters  of  the  ocean  or  rivers,  as  will  be  explained  further 
on  ;  and  hence  sandstones,  conglomerates,  and  shales  are  called 
seflimenfary  rocks. 

4.  Hocks  made  mainly  or  wholly  of  organic  remains,  that 
is,  of  the  remains  of  plants  or  animals. —  (1)  The  great  Ihin'- 
•v tones  of  the  world  are  of  this  origin ;  also  (2)  some  sili- 
ceous deposits ;  and  (3)  the  coal-beds  and  peat-beds  of  the 


CAUSES  AND  THKIK    KRK   I- 

world.  Many  sandstones  and  shales  contain  more  or  less  of 
Midi  remain-.  Plants,  shells,  and  other  dMtmgaiahablfl  relics 
of  living  species  found  in  rucks  are  calif.  rganic 

remain*.     They  are  sometimes  called  also  </M,  which 

means   made  of  stone  ;    hut    not    alwa\>    riirln  mo-t 

fossils  consist  of  the  same  materiul  essential  1\  that  they  had 
when  in  the  lixinir  species.  Wood  is  sometime-  changed  to 
-tone;  and  thi-  i-  then  a  I  rue  |»ei  nlact  ion. 

5.   Metamorphic  Rocks.       Kmirnirnial    n.ck-,  Midi    a> 

Stones,     shales,    and     OOJlgloaientQt,    and    also    ImicMoiirs,    have 

sometimes  been   altered   (or    metamorpho^,  reurions   of 

great   extent,    to    <ry9laUi*e   rocks,    such    as    f  _rueisx, 

mica   schist,  granular    liini>toni-    or    ardiitectnnil    inarhle  ;    and 
these    cn-talline     mck-    are     hence     called     mtttmorpHc 
the  word  melamorpkic  meaning  alter 


'IJIIL:   tlirsr    method^   of  inakiiiL'   rocks   (lie   following 
onler  i-   hep-  adoj,1 

1     Tli-     \\av-*    in    \\hidi    plant-    md    aiiirnaN    have   Contributed 
to    rnek-inakiriL'. 

2.  Tlie   result-,   from    the   ipiiet    working  of  air  and    moisture 

;IP  work   of  wind- 
4.  The  work  of  r 
".     Hie  work  of  t 

6.  The  \\urk  d.-nr  hv  ice. 

7.  'Hie   work    of   i 


- 
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I.   Ways   in   which  Plants  and  Animals  have  contributed 
to  Rock-making. 

1.    Making  of  Limestones. 

The  animal  relics  that  have  contributed  most  to  limestones 
are  shells,  corals,  crinoids,  and  foramimfers.  These  are  secre- 
tions of  animals,  that  is,  stony  portions  of  the  body,  either 
made  internally  in  the  same  manner  as  the  bones  of  a  dog  are- 
made,  or,  like  a  shell,  made  externally  as  a  covering  for  the 
animal.  When  the  animal  dies,  the  relics  pass  to  the  mineral 
kingdom  and  are  used  in  rock-making ;  and,  as  stated  above,, 
nearly  all  the  limestones  have  thus  been  made. 

Corals  and  crinoids  are  exclusively  oceanic  species  of  ani- 
mals;  but,  while  this  is  true  also  of  most  shells  and  fora- 
minifers,  there  are  some  kinds  that  flourish  in  fresh  waters, 
and  among  shells  some,  like  the  snail,  live  over  the  land. 

Shells  are  the  secretions  of  animals  related  to  the  oyster, 
clam,  snail,  and  cuttle-fish,  —  animals  that  have  a  soft  fleshy 
body,  and  hence  are  called  MollusJcs,  from  the  Latin  mollis, 
soft.  The  shells  serve  to  protect  the  soft  body  and  give  it 
rigidity. 

Coral  is,  for  the  most  part,  the  secretion  of  polyps,  the 
most  flower-like  of  animals,  and  it  is  an  internal  secretion. 
One  of  the  branching  corals,  covered  over  (one  branch  ex- 
cepted)  with  its  numerous  little  flower-animals,  is  represented 
in  Fig.  13.  Branching  corals  of  this  nature  are  common  in  the 
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tropical  Pacific,  and  are  called  Madrepore*.     Another  kind, 
sivc    instead  of   brandling,  is  shown   in   Fig.    1  L     Tin 
surface  is  a  surface  of  flower-animal-  or   pohp-:    in    r« : 
to    its    star-likr    cells,    thi*     kind    is    called    an      ,  The 


Flir.   la. 


•<F 


KZ£*Jl* 

.1 


• 

y^-»-  '    * 


expand«-d   amniaU    «,nl\  jurt  «,!'  \\hich   m  tin-  litrinv  nr«»  in  this 

state)   are   lik«-   tl<.\vrr>    al>..  in   thnr    hntrht    colors.      T',      little 
l^-t-il-like  arms  (tentacle-  •    l:i.  ;m-  ti))|K-d  with  • 

green,  in  the  living  state;  and   some  Astneas  are   jmrjil.-  or 
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Fig.  14. 


Fig.  15. 


Astnea  pallida  D. 

crimson   with  an  emerald    centre,  and   others  have  other  bright 

tints.      While   so  much   like   flowers    in    appearance,    polyps   are 

wholly   animal    in   nature.      Each    polyp    h-is   a    month    at    the 

centre   above,    as    shown   in   Fig.   14-; 

and     it    eats    and    digests    like     other 

animals.       Another    kind    of    coral    is 

represented    in    Fig.    15,    without    the 

animal;    it  shows   the    radiating    plates 

in  the  cup-shaped  cavity  at  top.     Still 

another,  somewhat  larger,  elliptical  in 

shape  instead  of  cylindrical,  and  in  the 

living  state,  is  presented  in  Fig.    16. 

The  mouth    is   a   very   long  one,  and 

the  arms  or  tentacles  which  serve  to  push  in  the  prey  it  cap- 


% 


Thecocyathus  cylindraceus 
Pourtales. 
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tares  are  also  long.     It  owes  much  of  its  power  of  capturing 

to    tlir    stin.-m-    qualities    of    these    leillarlrs. 

The    arrangement    of    tin-    tentacles    of    a    polyp    around    a 
centre,  ;ind   also   that    of   tin-    plates    in-ide   of   tin-   coral   cup,   is 
radiate;    and    hence    I'oUps  like   sonic   other    kinds   of    1; 
called   lt<i<li<il>'  animal-. 

Flu.  16. 


Crinoidfl.       (  rmoid.-  aUi.  an-   th.ucr-like   animaN.  and 

Th.  \  \\ere  once  exceedingly  abundant   in  the  sea^  of  tin- 
world.  l)tit   now  are  rarrlv  to  he  found.     Two  of  the   \ 
rejire-^ented    in    V\'^.    17    and     1^.    the    lir>t    an    ancient    -p. 
and  the  rn  "He  from  the  seas  of  the  \NY>t    In 

The  arms  above  are  arranged   around  a  centre   like  the    prtals 

nd.    like    them,    thev    ma\     lie    o|N-||rd     out     \M(1(»    OT 

closed  up  so  as  to  look   like  a  hud:  and  ilii*  the  animal  does 

,.iw    the    radiating  HIILT     J»art     there     is    a 

stem,   "oiiii-iiiin-*   a    t'«i.,t    <.r    more    I.MILT,   which,   if   the   animal    is 
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alive,  is  planted  below  on  the  solid  rock,  or  in  the  mud  of  the 
sea-bottom.  Crinoids  differ  in  many  respects  from  polyps. 
One  point  is  this :  the  coral  which  a  polyp  makes  is  all  one 

Figs.  17,  18. 


Fig.  17,  Zeacrinus  elegans  ;  18,  Pentacrinus  caput-Medusse,  now  living  in  the  West  Indies;  a-d,  calcareous 
disks  or  plates  of  the  stem,  showing  their  5-sided  form. 

piece,  whether  massive  or  branching ;  while  the  stony  secretion 
of  the  crinoid  is  in  multitudes  of  pieces.  The  stem  is  a  pile 
of  little  disks  often  circular  and  looking  like  button-moulds, 
as  in  Fig.  17;  but  sometimes  5-sided,  as  in  Pigs.  18  a,  I,  c,  d, 
showing  some  of  the  forms.  The  arms  also  are  made  up  of 
stony  pieces.  The  cross-lines  on  the  arms  in  the  above  figures 
indicate  the  number  of  pieces  of  which  each  is  made.  The 
pieces  are  held  together  by  animal  membrane  as  long  as  the 
animal  lives;  but  when  it  dies,  the  pieces  usually  fall  apart; 
and  are  scattered  by  the  moving  waters. 
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Foraminifers.  —  Foraminifers   are  made    ! 

all   anmi.ds,   and   very   minute  kinds,  —  aninuU   tliat   h 
organs  of  sense,  and  in  general  m  month  to  cat   with. 

When  a  particle  <>f  the  desired  food  touches  the  l»«.-|\.  ami  i- 
perhaps  held  there  In  it-  p«.\\,  r  of  -tinufinuf.  that  part  of  the 
l)od\  begins  to  be  depressed,  and  contimn-  t«>  -ink  inward 
until  the  food  is  in  a  cavit\  in>ide  made  for  the  occasion; 
then  the  food  is  digested,  and  am  part  of  it  not 
thrown  out  l>\  n-storini:  'he  l»od\  to  it- 


• ,   , 


•>f    ihr     -li.lU    ;m     p-prexrntrd     iiincli    cnlarircd,    excepting    the 
la^t     thre,.    iti    J'V-    !•'  ili«>«-    animal-    have 

•id mi:  ..ni.   at    •rfl]  -    the   body 

that  are  a  lutie  root-lik.-,  and  hence  ti 

An  rnlarired  \  ICf 
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the  species,  with  the  fibre-like  arms  extended,  is  shown  in  Fig. 
33.  All  of  the  shells  above  figured,  excepting  the  last  three, 
are  no  larger  than  the  finest  grains  of  sand;  and  yet  they 
contain  a  number  of  cells,  each  of  Fig.  33. 

which  corresponds  to  a  separate  one 
of  the,  Rhizopbd  animals. 

"Fig.  31  is  a  largo  foraminifer 
shaped  like  a  coin,  and  the  Latin 
for  coin,  nummus,  suggested  for  it 
the  name  it  bears,  —  a  Nummulite. 
Shells,  corals,  crinoids,  and  fora- 
minifers  consist  almost  solely  of  carbonate  of  lime,  —  the 
material  of  limestone;  and  hence  their  consolidation  makes 
limestone.  Shells,  corals,  and  crinoids  are  usually  more  or 
less  ground  up  under  the  action  of  the  waves  or  currents 
of  the  ocean,  and  thus  reduced  to  fragments  or  sand,  before 
they  are  consolidated.  Much  coral  limestone  of  existing  seas 
—  the  rock  of  coral  reefs  —  shows  no  trace  of  the  corals  of 
which  it  was  made,  because  all  were  ground  by  the  aid  of  the 
waves  and  currents  to  a  coral  sand  or  coral  mud  before  con- 
solidation. But  in  other  cases  the  rock  contains  fragments  of 
the  corals  or  crinoids,  and  sometimes  entire  specimens.  Fig. 
34  shows  the  aspect  of  a  crinoidal  limestone  when  the  crinoidal 
remains  are  not  wholly  ground  up;  the  disks  and  cylinders 
are  portions  of  the  stems  of  the  crinoids.  The  coral  reefs 
of  the  Pacific  are  coral-made  limestones,  and  some  of  them 
2*  o 
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UK. 


are    |mil,lr.  .nare     mil.  >     in    an-;*    ami     inanv     lnt:. 

of  feet  in  thickness. 

iiiinifen  are  so  minute  that   they  need  no   -rinding   in 

order  to  make  a  fine-grained 
rock.  li\r   in  sea- 

waters  of   all    depths,   and 
are  especially  al)und. mt 
ill.-   sea-bottom   down    ' 

depth     ot'     twelve 

thou- 

proved  by  soundings  in  t lu- 
ll, t  \\een      Inland 
and      \c\vfonii<llind,      and 
uade 

\y    of   foraininitVrs,    and    was    of    d«-i-ji-watrr    oriirin  ;     and 
chalk  is  now  making,  and    1  tlnon^h  ages  past,  0¥«f 

llir    bottom    uf    thr    oc.Mll. 

•v  are  also  soim-  pl.mt-.  -       ,\,vd-,  that 

1    \\hirh  have  thereby  Contributed  to  rock-mak- 
ing.    Among  these  an-  im-lu.l. -d     I     roral-makini:  jilants.  railed 
\H//ijnirr-*,      -^o    named    fnun   tin-   fait    thit,  \\hilr    hmkinir   like 
.    | ...re*   or  e<i  |  .    \\hieh   an: 

n-l.ilr.i  '-,    but     have    delieate    jointed     >t.ms;     (.3) 

,    which   are   m  ahun- 

urring  also 
in  shall" «• 
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2.    Making  of  Siliceous  Rocks  or  Masses. 

Some  of  the  minutest  aiid  simplest  of  plants  and  animals 
make  stony  secretions  of  silica  instead  of  carbonate  of  lime, 
and  hence  form  out  of  their  stony  secretions  beds  of  silica 
instead  of  beds  of  limestone.  Although  minute,  often  requir- 
ing a  high  microscopic  power  even  to  see  them,  such  species 
have  thus  been  large  contributors  to  rock-making  through  all 
geological  history.  Many  of  them  are  remarkable  for  their 
beauty  of  form  and  texture. 

The  plants   here   included   are   called   Diatoms.     Nearly  all 
are  too  minute  to  be  distinguished 
without  a  lens.     Some  of  the  forms  rigs.  35.40. 


are  shown,  highly  magnified,  in  the 
annexed  figures,  35-40.  They  are 
strange  forms  for  plants,  and  still 
are  known  to  be  of  this  king- 
dom of  life.  They  have  lived  in 
such  numbers  over  the  bottoms  of 

Shallow     ponds,      marshes,      and      SeaS, 

that    the    infinitesimal    shells   have 

.  Ill  /> 

SOmetimeS        made        beds        SCOreS        Of 

yards  in  thickness.  The  material 
of  such  beds  looks  like  the  finest  of  chalk.  Owing  to 
the  hardness  and  extreme  fineness  of  the  grains,  it  was  used 
as  a  polishing  powder  long  before  it  was  discovered  that 
each  particle  was  the  secretion  of  a  microscopic  water-plant. 


Diatom*  highly  magnified. 

Fig.   35,   Pinnularia    peregrina,    Richmond, 
Va.  ;  36,  Pleurosigma  angulatuin,  id.  ;  37, 


s*1116  !  39.  Grammatophora  marina,  from 
the  salt  water  at  Stonington,  Conn.  ;  40, 
Bacillaria  paradoxa,  West  Point. 


16 
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It  is   obtained  from   th<-  bottoms    <>t    mans    n,  ..1  sold 

fW  polishing;    and   tiu.-   packages   in    tin- 

iai>rllrd   8Ue*.      A    b(  -i    OJ    .-,'n-at    <-\icul    in    \ 


41. 


« ,  /  TrlcmdiM  otlMMi  i  *.  Actiaoptyclm  mdd 
I  of  «  MMMM  oT  ActteoptyckM  MMriM  i 


•y.-lu.   *.  rr*c- 


Dear   Rirlminml.  DM   |>!.icrs   tliirtv  fcrt   llnck  ;    and  a  littlr 

uf  tlir  du-t,    nndi-r  tin-    n  !  TLT  of   ik-rlin, — 
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Figs.  42-44. 


who  first  made  known  the  nature  of  these  polishing  powders, 
—  presented  the  appearance  shown  in  the  foregoing  figure. 
Those  forms  were  all  in  the  field  of  his  microscope  at  one 
time.  Nearly  every  particle  is  a  Diatom  or  a  fragment  of 
one.  Some  beds  near  Monterey,  in  California,  have  a  thick- 
ness exceeding  fifty  feet. 

Among  animals  making  siliceous  shells,  the  following  are 
examples.  (1)  A  kind  illustrated  in  Figs.  42-44,  related 
to  the  foraminifers,  the 
animals  being  Rhizopods, 
but  differing  in  their 
forms,  and  in  secreting 
silica  instead  of  lime. 

(2)  Most  Sponges,  for 
sponges  are  animal  in  na- 
ture. Ordinary  sponges 

are  made  of  horn-like  fibres;  but  in  the  living  state  these 
fibres  are  covered  thinly  with  an  animal  coating  which  is  in 
reality  a  layer  of  microscopic  animals  hardly  higher  in  grade 
than  Rhizopods.  In  a  large  part  of  them  these  horny  fibres 

Fig.  45. 


Siliceous  gpiculM  of  Sponges. 

are  bristled  with  minute  spicules  of  silica  of  various  forms. 
A  few  of  these  forms  are  shown  in  Figs.  45  a  -  h.  Some  of 
the  oblong  pieces  or  fragments  in  Fig.  41,  page  36,  are  spi- 
cules of  ancient  sponges. 
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Other  sponges  consist  wholh   of  ill-  n^un-nt  silica, 

excepting  a  thin  coating  of  animal  mail-rial.     <  )n«   of  tin 
ceous  sponges   from    tin-   bottom    of    the    K.»t    India   seas  is 
iited    in    Fiif.     HI,    but    only    half    the    natural    H/.e.      The 
rxtivme    <!'  iirht     hardly    In-    I 

from   the  figun  l»onge  lo<  1.    ,,t    ^t\m 

glaSS,    and    as     it'     too     fragile     to     he     hamllnl.       Surli     «.|l!cr..u> 

sponges   are   common  <»\cr  the   bottom   of   the   ocran,   and   at 

variou-    di-pths    b«-lo\\     the     reaeh    of    the    \va\e>.    \\ho-.     Molriirr 
the\    could    not    \Mth-taiid. 

The  ihe    world,    or    h.>rn*1<>in'   as    the    ino-t     of    it    is 

called    (JM-  iiearlx     jiure    -ill.  a     'or    (|iiar/.,    and,    like 

-    e.i-ih.        It     i-    found     imbedded    in 

liiiir-tmio    and     oth'  '  bi-i  n    made  l-r    the    ni"-t 

part  out    of  diatom^   and    -JIK  uh-  /.  •*,  and    without    any 

d    degree    of   beat.      T;  ilOWl    that     -iieh    d< 

when   under   water,  may  he  parth    di-ol\ed   by  the  cold   WtieiSj 
and     then  •,<!    without     an\    extern.  d    aid     h«\,,nd     that 

I   b\   the  -.dine  n  |!\   th«»  same 

!U    and    other    f..—  il<     ;  i     been     ehaiiL'ed    to 

ha\e    nip;  true    jx-t  nticat  ion. 

les      -hell  erillMJd- 

"poiiL'e-.     n-lie-    of    \an«>u>    other     kinds    of    animals    are    MHI- 

:     ill    roek>    or    ha\e    contributed    to    their    material.      The-e 

are    the    harder    jur  8  (  Vnt  ijieilrs, 

,'j    these    l.i.xt,  Shnnij)-.   ' 


Kg.  46,  EuplecWlla  species*,  or  Glass  Sponge, 
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and    mter.or    kind-    ;    tin-    hone-    and 

tiles;    the   bones   and   occasionally   the  leath.  irdsj    tin- 

bones  of  Quadnij.  irions   kind-,  and    •  :    \anoiiN 

other   form-   of  life  ;    and,    !>e-ide>,   tin-    /  .niiinal-,    from 

those  of  Worms  and   I  <t>uadni|>eds  and  Man. 

The   living  species  of  the  globe  that  have  contributed  mo-t 
t<i  rocks   are   those  of  the   waters,  because   rock-  linly 

:<|iieous  origin ;     and    chieth     marine  HIM-    the 

greater  part   of  rock-niakinir  ha>   lnrn   |»rrfuriin-il  l»\   i1 

Oceanic  lii«-  is  in  greatest  prul'ii-inn  alonir  tli<-  -hallow 
waters  off  shore,  down  to  a  depth  of  a  hundred 
tin-  corals  making  coral  n •»•!'-  in  our  present  seas  not  lixinir 
at  a  greater  di-pth  than  thi>.  Itnt  there  i-  al.undant  lite  at 
greater  depths,  and  e\en  o\<-r  t!u>  ocean's  hottoin  d-.\\n  to 
about  15,000  feet.  Crabs  with  good  eyes  lia\«  been  «>l,t aim-d 
from  the  sea-bottom  at  a  depth  <>f  6  \\itlmnt 

eyes  at  a  depth  of  .r),0(iii  to  12,<  \v  Imni:  mol- 

In-ks  from  a  depth  e\cee<ln  1&U  thM 

then-  an-  thmntrh  all  thesi-  d«-pih-  -eattered  Coral-.  '  HDoids,  and 

deli,  Sponge-   related   to   that    liirnred   on    jiair- 

Itut   Hhi'/optMls  are  the  ino-t  ahiindan  ami  with 

them  tin  '  and  >imple-t  ol'  plant-,   Pialoin-  and 

Coccolith.-. 

3.    Making  of  Peat-bed*. 

In    inar-hv  an-a^,  \\her-  •  -    »•!'  the   n< nn-   Spha.ir- 

niint    are    growing    luxiiriantlv    alon^r    with    other    water-loving 
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plants  small  and  large,  and  some  kinds  that  can  stand  the 
water,  but  would  thrive  better  were  it  drier,  there  are  always 
deposits  of  leaves  and  stems  and  other  remains  of  plants 
forming  under  the  water.  The  moss,  which  is  the  chief  plant 
in  the  increasing  deposit,  has  the  faculty  of  dying  below 
while  growing  above;  and  thus  its  dead  stems  may  be  many 
yards  long,  while  the  living  part  at  top  is  only  six  inches 
or  so.  The  small  plants  and  shrubs,  and  the  trees,  if  such 
there  be,  shed  their  leaves  and  fruit  annually,  and  these  fall 
into  the  water.  Annual  plants  die  each  year,  and  their  stems 
are  buried  with  the  leaves.  All  the  plants,  the  mosses  ex- 
cepted,  sooner  or  later  die,  and  thus  branches  and  trunks  are 
added  at  times  to  the  accumulation  in  progress.  Birds  and 
quadrupeds  may  add  their  bones,  and  insects,  with  the  vari- 
ous inferior  kinds  of  life  in  such  places,  may  become  min- 
gled with  the  other  relics. 

The  materials  of  plants  buried  under  water  undergo  a  kind 
of  smothered  combustion.  They  become  black,  then,  below, 
are  reduced  to  a  pulpy  state,  or  rarely  to  an  imperfect  coal; 
and  the  mass  thus  altered  constitutes  what  is  called  peat. 

Dry  woody  material  consists,  one  half  of  carbon,  or  the 
main  constituent  of  charcoal,  along  with  two  gases,  oxygen 
and  hydrogen;  and  in  the  change  the  proportion  of  the  gases 
to  the  carbon  is  diminished  about  one  fifth.  The  black  color 
—  one  result  of  the  change  —  is  due  to  the  carbon,  as  in  the 
case  of  the  black  color  of  soils,  many  muds,  and  black  clayey 
and  calcareous  rocks. 
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%  " 

The  bed  of  peat  sometimes    UK  n-.i-r>    until   it    is   scores  of 
yards   in   depth.     Ireland    i>    b  j«at  swamps;    the 

"mosses,"  as  they  are  called,  of  the  Slmnnou,  are  fifty  miles 
long  and  two  to  three  broad.  Peat  swamps  are  common 
over  all  continents  out  of  ihe  tropics.  The  Dismal  Swamp 
in  North  Carolina  is  a  peat  swamp  from  one  end  to  tin- 
other;  and  no  one  has  yet  ascertained  the  depth  of  the  jx-at. 
The  world  lias  had  its  peat  swamps  in  all  ages  since  t In- 
first  existence  of  abundant  terrestrial  vegetation  ;  and  thev 
are  the  sources  of  all  its  coal-beds,  each  coal-lx-d  having 
been  first  a  peat-bed.  hut  the  kind-  of  plants  roneerned 
have  varied  with  the  successive  ages. 

2.    Quiet  Work  of  Air  and  Moisture. 
\Vhen    rocks  are   whollv    under   water,    whether    it    he    salt 
or  fresh  water,  they  are  generally  protected  from  dr.a\.     hut 
if    above    the    wafer.      -,,     that     air    a*    well     as     moisture     ha* 
free    access,  nearh    all  altered,   and    inanv   erumhh 

sand    <»r    chanirc    to    ela\e\    e.irth.      hln< •'>  lie    kind- 

sandstone    that    would    answer   well    for   under  •••iietnre-, 

when    left    e\i>«>x,d    to    tin-    air    for  'til    to   p;. 

or    |M-el    off    in    irn-at    emirentrie    la\er*.      frx-talline    lime-1 
(white    and    clMiided    inarhle      in    niaii\    P  the   sur- 

face   with    marlile    du-t     from  ..       (ineiss    and     i 

M-hist   are   ainoni?    the    dumble    n.eks  ;    and    \.t    much  of   the 
•    and    ii  '    of    the    \\orl<l    underi:«M-s    >],,«     alter- 
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ation,  so  that  in  some  regions  they  are  rotted  down  or  have 
become  soft  earth  or  a  gravel  to  a  depth  of  fifty  or  -a  hun- 
dred feet,  and  even  two  or  three  hundred  in  tropical  coun- 
tries. This  is  the  amount  of  decomposition  produced  in  those 
places  through  a  very  long  period  of  time,  perhaps  the  whole 
time  from  the  epoch  of  their-  elevation  above  the  ocean. 
But  it  is  no  measure  of  the  amount  that  would  have  taken 
place  if  the  decayed  portion  had  been  removed  as  it  was 
formed,  as  has  often  happened;  for,  in  that  case,  alter- 
ation would  have  proceeded  with  greater  rapidity  because  of 
the  freer  access  of  air  and  moisture. 

The  granite  hills  are  often  thought  of  as  an  example  of 
the  everlasting,  as  far  as  anything  is  so  on  the  earth.  But, 
while  there  is  granite  that  is  an  enduring  building-stone, 
a  large  part  of  the  granite  of  the  world  becomes  so  changed 
on  long  exposure  that  the  plains  and  slopes  around  are 
thence  deeply  covered  with  the  crumbled  rock,  and  great 
masses  may  be  shivered  to  fragments  by  a  stroke  of  a  sledge. 
Many  granitic  elevations  over  the  earth's  surface  have  dis- 
appeared beneath  their  own  debris. 

Much  trap-rock  is  as  firm  as  the  best  granite.  But  other 
kinds  are  rotted  down  to  a  depth  of  many  feet  or  yards,  and 
sometimes  only  here  and  there  a  ledge  shows  itself  above  the 
ground  as  the  remains  of  ranges  of  hills.  Even  the  most 
solid  trap,  where  exposed  to  the  elements,  has  a  decomposed 
outer  layer,  or  is  weathered,  as  the  change  is  called.  This 
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crust  is  often  but  a  line  or  two  deep  and  lias  every when 
tin-  same  depth  over  blocks  of  like  kind.  Hut  this  depth 
is  constant,  because,  as  the  elements  eat  inward,  then-  is  as 
irradual  a  loss  of  the  altered  grains  over  the  outi  i 

Thus  invisible  agencies  are  producing  the  -low  drM ruc- 
tion of  the  exposed  parts  of  nearly  all  the  rucks  of  thr 
globe,  even  to  the  tops  of  the  lofty  mountains.  The  (inner 
kinds  of  slates  (argyllite),  some  hard  conglomerates  ami 
gneisses,  and  the  compact  limestones  are  the  rocks  that 
the  elements  most  successfully. 

In   this   way    rocks    have    been    prepared  for    tl> 
geological   work   carried    on    by  moving   water  and  ice ;     ami 
through    the  same    means  the  earth  or  soil   ,,:'   the   world   has 
to  a  large  extent  been  mad 

This  (|uiet  work  of  air  and  moisture  is  really  chemical 
work ;  and  it  is  mostly  performed  through  the  chemical 
action  of  two  ingredients  present  in  them, — -arbmic  acid 
and  oxygen.  Other  agencies  aid  in  this  slow  dcstrm -tion,  as 
explained  on  pages  beyond. 

3.    The  Work   of  Winds. 

\\inds,  or  moving  air,  carry  sand*  from  one  plaee  to 
another,  and  wherever  the  earth's  surface  is  one  of  dr\  -;md, 
and  the  wind-  l»lo\\  strongest  and  longest  in  one  direction 
great  accumulate  !M1  :ire  \\\  ,-n  when  the  win- 

dows of  a  house  in   .1   ei»\   are  onlinarily  kep1  the  du-t 
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will  get  in.  The  west  winds  have  driven  the  sands  of  the 
Desert  of  Sahara  over  parts  of  Egypt,,  and  the  ruins  of  an- 
cient cities  have  thus  been  buried. 

Sea-shores  are  often  regions  of  sand,,  owing  to  the  work  of 
the  waves.  The  heavy  winds  take  up  the  loose,  dry  sands  and 
carry  them  beyond  the  beach,  to  make  ranges  of  sand-hills, 
often  20  to  30  or  more  feet  high.  Thence  the  hills  frequently 
travel  inland,  through  the  same  means,  sometimes  burying  for- 
ests, as  on  the  west  coast  of  Michigan,  sometimes  overwhelm- 
ing villages,  as  in  England  and  France,  leaving  at  times  only 
the  top  of  a  church-spire  to  mark  the  site. 

The  stratification  of  a  hill  of  drifted  sands  is  so  peculiar 
that  it  is  easy  to  tell  when  sand-rocks  have  been  formed 
through  the  agency  of  the  winds.  Fig.  47  represents  a  part  of 
a  section  observed  in  the  Pictured 
llocks  on  the  south  shores  of  Lake 
Superior.  The  layers  dip  in  many 
directions.  Such  a  structure  is  ow- 
ing to  the  accidents  to  which  the 
sand-hills  are  exposed.  A  heavy 
storm  —  perhaps  aided  by  heavy  waves  at  high  tide  —  often 
carries  away  part  of  a  hill.  Then  the  winds  build  it  up  anew, 
putting  the  successive  drifts  —  which  make  the  successive  lay- 
ers —  over  the  new  surface,  differing  much  from  the  first  in  its 
slopes.  The  hill  suffers  from  another  storm,  and  is  again  built 
up  during  the  period  of  quieter  weather  that  follows.  This 


Fig.  47. 


Part  of  a  section  of  a  drift  sand-bill, 
showing  the  stratification. 
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III.IN     takr     plaee     main    tUBflt,         TIlC     result     1-    tllC     kllld     of    J 

larity  of  stratification   illustrated   in  tin-  cut. 

s.mds  carried  by  winds  over  rocks  often  wear  (he  surfaces 
deeply,  as  noticed  in  the  Colorado  desert,  in  the  Grand  Traverse 
region  near  Lake  Michigan,  and  elsewhere.  This  agency  has 
scoured  out  gorges,  shaped  and  undermined  blntl's,  and  worn 
away  rocks,  in  the  dry  ports  of  the  Rocky  Mountain  region. 
Man  has  taken  the  hint,  and  now  uses  sand  drum  by  steam 
to  etch  on  glass  and  to  carve  granite  and  other  rocks. 

4.    The   Work    of    Fresh   Waters. 

Knnninir  VBttf  is  at  work  umver-allv  0TM  .1  comment 
wherever  tin-re  is  a  slope  to  produce  mo\ement,  ;  .id  tin-  cloud- 
\ield  niin;  and  it  act-  with  irn-atr>t  eneri:\  wli.vr  tlic  >l,,pc  is 
greatest,  or  about  high  hills  and  mount 

The  waters  of  tlic   nnn>,  nn>t,  and   d.-w  about    ilir   nioiintam- 
tops  desriMid   in  drop-  and  rill-,  and  then  pit  her  into  plmiiriiiir 
streamlets  and   torn-nts  ;   tin-    main  turn-in-  OomlUM   In-low   into 
larger  streams;   and  these,  from  over  a  \\idc   r-irion.  um' 
in.il- •  it    n\.-r-.      The    Mi-i-si|)j)i   lias  its  arm-    reaching 

westward    and     northward    to    \arions    -ummit-    in    the     li«'«-k\ 

•nd    ca-t\vard    to   th- 

ness  is   owinif   t<»   tin-    \a-t    bn-.-idtli    of  the   an-a    it    drar 
onl\    mountain-.    Imt    c\.-r\    small    elevation    o\.-r   a    land,    and 
little  slojx-s  ha\e.  \\hen   it    mm-,  their   nil-   eomhinini: 
irger  stream-.  \.  ,i<  li   tlo\\    off  to 
join   some  rm-r 
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The  waters  of  the  clouds  no  sooner  drop  to  the  ground  than 
they  begin  to  work,  tearing  off  and  carrying  away  grains  of 
earth  from  the  rocks  or  slopes.  The  stronger  rills  act  in 
this  way  with  much  greater  effect;  and  the  torrents  move 
stones  as  well  as  earth.  This  work  over  the  larger  part  of  a 
country  may  be  almost  wholly  suspended  in  the  dry  season. 
But  when  the  rains  set  in  the  surface  is  alive  with  its  work- 
ers, small  and  great.  Torrents  become  increased  immensely  in 
depth  and  force,  and  earth  and  often  rocks  are  torn  up  and 
borne  along  in  vast  quantities. 

The  more  rapid  the  flow  of  the  water  the  coarser  the  de- 
tritus it  can  transport;  and  as  a  stream  slackens  its  rate  the 
coarser  material  falls  to  the  bottom,  leaving  only  the  finer  to 
be  carried  on.  Thus  the  large  stones  and  then  the  smaller 
will  drop  as  the  torrent  becomes  less  and  less  violent ;  but  the 
earth  and  gravel  may  be  borne  on  to  the  rivers ;  and  these,  in 
their  times  of  flood,  may  carry  a  large  part  of  the  burden  of 
earth  to  the  ocean.  Under  such  a  rough-and-tumble  move- 
ment stones  are  worn  to  earth  and  gravel,  and  in  this  pulver- 
ized state  they  may  continue  the  journey  seaward.  A  single 
heavy  rain-storm  has  sometimes  so  filled  the  narrow  gorges  of 
a  mountain  that  vast  deluges  of  water,  rocks,  gravel,  and  trees 
have  swept  down,  carrying  away  houses  and  spreading  desola- 
tion over  the  plains  below. 

Through  the  wearing  effect  of  rivers  and  their  tributaries, 
reaching  to  every  part  of  a  continent,  the  mountains,  ever 
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•     their    tir-t    eOMfgenoe,    ha\e    IMTH    mi    the    DIOVC    to    tin- 
ocean,  and    we   cannot  judge   uf  their    former   height    from    \vh.it 

• 

The  process   o:  called,    m    L'eol.i^y, 

M    mount. mix    ;md    hill*    .ire    m.idi     1<*\\    l.\    it  ;    and 
ilemmlatwn,  because   il    remove*   their  exterior. 

The    average    ainouiit    of    sediment     aiiuuallv    r.irrird    to    tin- 
borders  «  •  ilf  of  Mexico  by  ihr    Mi.—i  — ippi    \[\\<r   |,.,x 

been  stated  to  be  812,500,000,01  MI  pounds  or  H.,,.,-!,  to 
a  pyramid   a    scjuan-    mile   at   base   ova  t    in 

Tin-  i-   d«'po-itrd  about   thr   mouth   of  the   rivi-r.  and 

is  gr.iduallv  c\tcndinur  it  farther  aud  farther  into  the  (iidf. 
Tin-  line  -rdiini-nt  of  HVITS  >i-ttli-s  much  inon-  rapidU  in  >.dt 
water  than  in  fn-sli,  and  this  is  one  reason  why  this  material 
is  prevented  from  being  carried  oil'  to  tl  can. 

The  great  area  about  the  mouth  \\hieh 

these  de;  tnlmted    is    usually    interne.  han- 

i  eoiistitutrs   \\hat   i^  called  a  ///•////.      Fiir.    I-S  t 
the  di  h.t  of  tlie  Mississippi. 

Tin-    rli.inn.  1    of    the     r  into     the     (iulf    of 

\|.  Miati •-   in   -everal   moiith>.      The  delta  stn-tehes 

nortlnvard    m-arl\    to  tin-   nioiitli  of   I;,  d    I; 

of  ah.. ut    1-:  The  waves  and  current*  of  the 

(iulf  act    with    the    current-   of   the    river    in    the    dep<> 

the     -eilmient. 

ipi     I-    .ill    example    of    \\hat     all     riMT-    are    doiliu'. 
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each  according  to  its  ability.     Some  carry  their  detritus  to  lakes, 
to  extend  their  shores,  and  aid  in  filling  them.     But  much  of 


the  detritus  is  left  on  the  various   river-flats,  and  this  part  is 
called  alluvium.     Again,  a  large  part  reaches  the  ocean,  and 
3  » 
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niliut.,!  along  the  borders,  making  sand-Hats,  mud-  flats, 
an.  I    ultimately    iro.nl    dr\    land,   to   widen  the  serviceable  area 

of   the    continent. 

Tin-  hank-  -UK!  bottom  of  ;i  ri\i  r  are  L'eneralh  made  of  coarser 
or  tiniT  maic>  •,    in   the  ditferent 

I..H-N.  \\hcre  it  is  vcn  >l>\\  tl.r  liottom  and  banks  arc  Hire 
to  be  of  mud.  lor  tin-  \er\  slou  mo\rmi-nt  of  tin-  waters  gives 
a  chance  for  the  finest  drlritu-  to  settle;  Inn  if  rapid  it  will 
'  |)cl)!)|.-,  if  the  n-L'i«iii  r..ntain*  them.  The  Itank 
-irn.k  i,\  the  ciinviii  prlilily  than  the 

opposite. 

The  action    nf    the    water*   "t-    large   lake>    in    rock-making  is 
L'tvat  deL  nine  a^  that  of  the  ocean. 


5.    The  Work  of  the  Ocean. 

The   mechanical    \\«.rk   of  the   ocean   has  been  carried    forward 
chieth    through   (!•    it-   tidal    m  ;    (^i    its   waves;    and 

(:j)    it-   current-. 

1.   Tides.-  -\Vith   eaeh    iiieomin^   tide   the   waters  How  up  the 

coast  and   into   all   !u\s  and    month  ral 

:id    >umei;  \a   ;il»n\i-   low-tidi-   le\e|;    and    then,   with 

the   ehl),    the    >aine    waters   flow   back    and    l..i\.     OHM    BOW    the 

mud-Hats   and    sand-bank*   of    tli  id    coa<t*    e\jx)Sed    to 

illuwx    the    ri\i-r>   I"   di-charge 
it    their  detntu*   to   se:i  ;    but   soon  au'ain   the 

\V    Stops    the     mo\eme||t     olltv.  Mil 
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ing  the  time  of  slackened  flow  the  waters  drop  their  detritus, 
—  part  about  the  mouth  of  the  stream,  part  along  the  adjoin- 
ing coast,  and  part  in  the  shallow  waters  of  the  sea  outside. 

2.  Waves.  —  The  sea  in  its  quiet  state  is  rarely  without 
some  swell,  which  causes  at  sho'ft  intervals  a  gentle  movement 
on  the  beach  and  some  rustling  of  the  waters  along  rocky 
shores.  Generally  there  are  waves  and  breakers;  and  when  a 
heavy  storm  is  in  progress  the  waves  rise  to  a  great  height 
and  plunge  violently  upon  the  beach  and  against  all  exposed 
cliffs,  wave  following  wave  in  quick  succession  through  days 
>r  it  may  be  weeks  together.  With  eacli  storm  the  waves 
enew  their  violent  strokes,  and  in  many  seas  the  action  is 
ncessant. 

The  plunge  on  the  beach  grinds  the  stones  against  one  an- 
other, rounding  them  and  finally  reducing  them  to  sand,  and 
the  sand  to  finer  sand.  The  waters  after  the  plunge  retreat 
lown  the  beach  underneath  the  new  incoming  wave;  and  this 
'"'  undertow "  carries  off  the  finer  sand  made  by  the  grinding 
to  drop  it  in  the  deeper  waters  off  the  coast,  leaving  the 
coarser  to  constitute  the  beach. 

Thus  wave-action  grinds  to  powder  and  removes  the  feldspar 
and  other  softer  minerals  of  the  sand,  and  leaves  behind  the 
harder  quartz  grains;  and  consequently,  wherever  there  are 
beaches  of  sand,  there  are  offshore  deposits  of  mud  made  out 
of  the  fine  material  carried  seaward  by  the  undertow.  In  no 
age  of  the  world  have  sand-beds  been  formed  without  the 
making  of  mud-beds  somewhere  in  their  vicinity. 
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Tin-  dill's,  or  exposed  ledges  of  rock,  are  worn  awa\  under 
the  inee-suit  liattrrini:,  and  |fl  s  stoiies  and  sand  for 

tin-  beach,  and  the  .-hallow  waters  adjoining.  Most  r.ek\ 
shores,  especially  those  of  stormy  seas,  show,  l»\  their  rugged 
diti's,  needles,  arches,  and  rocky  islets  tin  Hurts  of  tin-  storm- 
driven  waves. 

It  i-  tn  in-  remembered  that   the  ocean,  as  stated   on  patre 

\-l.    oftcfl     tind-    the     work     of    de-t  ruction     facilitated     h\     the 
.cninu'  or  deoompoatioa  tin-  rock-  ha\e  undergone  tlimuirh 
the  (jniet  action  of  air  and  moisture,  and   also   through   other 
means  explained  beyond  (page  63). 

waves,  as  th<  \    mo\e  toward   the    shores  over  the   shelv- 
ing   bottom,    hear    the    sediment    in    the    waters    shoreward,   and 
throw    more   or   It—   of    it    on    the   heach.      And    tlm*   the   !•• 
grow>    in    extent.      The  >edmieiit    i>.    iii   ireneral,  eith.-r  what    it 
gets   from    th-  b  of   ihe    coast,   or   what    the   r 

IMIIIT  into  tho  sea.      At    the    present    time  the   Atlanta 
an  immense  amimnt  of  detritus  through  the  many  large  stream- 
ii    North    Am-  ml  as  a  coiM-ijiienrr    the    -hores 

are  «  smd-llats  from  New  York  -.uthuard,  with  shal- 

low sound-  m-ide  ;  and  the  latter  are  tin-  spaces  not  \et  tilled 
to  tin-  \\.ir.r-le\el  witli  t-  •  detritn-.  The  roast 

has    1  M-.iward    ft.r   ap's    thnnitfh    the   same   mean-, 

with    liu'    little  aid    from   the    wear  of   -r  htf-.      But   in 

the   earl  >L'e«    tin-    w a-   not  the   c..ntineiit 

was  to  a  large  extent  saves 
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made  a  free  sweep  over  its  surface,  battering  the  rocks  in  many 
places,  and  thus  making  its  own  sediment;  for  there  were  only 
small  streams  on  the  small  lands  to  give  any  help. 

In  the  warmer  seas  of  the  world  mollusks  are  very  abundant. 
The  heavier  storm-waves  tear  them  from  the  muddy  bottom 
where  they  were  alive,  and  throw  them  on  the  beach.  There 
they  are  exposed  to  the  incessant  grinding  which  stones  and 
ordinary  sands  experience  elsewhere,  and  thus  are  reduced  to 
sand.  Every  storm  adds  to  the  shells  of  the  beach  as  well 
as  to  the  shell-sand.  Thus  sand-deposits  form  that  are  made 
out  of  shells  alone;  and  they  keep  growing  and  may  become 
of  great  extent.  The  finer  shell-sand  is  swept  out  into  the 
shallow  waters,  and  there  produces  a  finer  deposit.  The  hard- 
ening of  such  deposits  makes  limestone;  and  the  shells  that 
happen  to  escape  the  grinding  are  its  fossils.  In  this  way 
limestones  have  been  made  in  all  geological  ages.  Shell  rocks 
are  now  forming  at  St.  Augustine,  Florida,  and  the  limestone 
there  made  is  used  as  a  building-stone. 

In  other  parts  of  tropical  seas  there  are  corals  growing 
profusely  within  reach  of  the  waves,  or  within  100  feet  of 
the  surface.  Many  are  broken  or  torn  up  by  the  waves  and 
carried  to  the  beach,  and  there  are  ground  up  and  spread  out 
in  beach  deposits  and  off-shore  deposits.  These  beds  of  coral 
^sand  or  mud  harden,  and  then  become  the  coral  reef  rock, 
—  a  true  limestone,  similar  to  many  of  ancient  time.  South 
of  Florida,  and  in  other  parts  of  the  West  Indies,  in  various 
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parts  of  the  tropical  Pacific,  and  also  in  the  East    Indio  and 
Red  Sea,  these  coral  limestones  are  now  in  progress. 

3.  Currents.  —  The   ocean   has   its  system   of  circulation,  <T 
of  great  currents.     Tin    (.  L  u  part  of  it;  its  waters, 

lowing   westwardly  in   the   tropical   Atlantic,  bend   northward 
as  they  pass  the  West   India   seas,  and   thru    pa»    noriheast- 
I,  parallel  with  the  North  American  coast  as  far  as  New- 
foundland, gradualh  curving  eastward.     Thenee  a  part  continues 
either  >ide  of  Iceland  to  the  Arctic  seas,  from  which  there  is 
a  return,  as  a  cold  Labrador  current,  along  the  coast  of  I 
rador  and   farther   south.     This   great  current    moves  bu 
miles   an    hour    when    swiftest,  and    this    only    in    part    of   the 
h«  average  rate,  parallel  with  North  Amer- 
ica, is  2i  miles  an   hour;  and   it   is  hardly  felt  at  all  anywhere 
along    the    sides    of   the    continent,  not    even    in    the    Florida 
It    hence  gets   no   detritus    from    the  wear  of  coasts 
and   is  too  feeble   to   carry   anything   l>ut   the   very   finest  silt. 
The    Ocean's     bottom     show-    that     it     receives    almost     nothing 
either  in  this  way  or  from  tin-  currents  of  irreat  ri\ers.      \\  hen, 
lio\\e\rr,  the  continents  were  submerged   a   few   hundred 
or  less   in   ancient    time,   the    currents    swept    over    the    HIT 
and   must    ha\e  dom-    much   work   in   wearing  rocks  and  tr. 
ML'  detrir. 

Both  waves  and  Lr<  ntle  currents  raise  -ands; 

and  such    ripple-marks  made   l>y    the  ocean   in   ancient    t; 

i   preserved   in   the   r...  mi.     They  show  that 
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the  sands  of  which  the  rocks   were  there  formed  were  within 
reach  of  waves  or  gentle  currents. 

The  mud  of  a  mud-Hat  or  of  a  dried-up  puddle  along  a 
roadside  is  often  found  cracked  as  a  consequence  of  drying; 
and  such  mud-crack*  are  frequently  preserved  in  sedimentary 
rocks  (Fig.  50).  They  are  of  great  interest  to  the  geologist; 
for  they  show  that  the  layer  in  which  they  occur  was  not  of 


Figs.  49,  50. 
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Ripple-marks.  Mad-cracks. 

deep-water  origin;  but  beyond  question  was  exposed,  for  a 
while  at  least,  above  the  water's  surface  to  the  drying  air  or 
sun,  as  mud  is  now  often  exposed  along  a  roadside,  or  over 
the  mud-flats  of  an  estuary.  Such  cracks  become  filled  with 
the  next  deposit  of  detritus,  and  this  filling  has  often  been 
afterward  so  consolidated  as  to  be  harder  than  the  rock  out- 
side; and  hence  on  a  worn  surface  the  fillings  of  the  cracks 
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!\    make   .1    network    of   little    nd-relets,  as    in    tlit-    pre- 
ceding liirniv. 

Again,  mud-flats   sometimes  have  the  surface  covered    with 
rain-drop  impressions  after  a  short  shower  in  which  the  drops 
were  large;   and  many  shales    (rocks  made   of  mud   or  clay) 
P(9<  61  retain    these    markings     1 

"•  I )  ;  others  have  impressions 
of  tin  font  print*  of  animals, 
IMII  those  of  insects. 

Such  delicate  impressions 
are  preserved,  because  soon 
after  they  are  made  they  be- 
come covered  with  a  layer 

of  fine   detritus;   and   after  that   nothing  can  erase  them  short 
of  the  removal  of  the  deposit  itself. 

The  rocks  that  have  been  made  l»\  fresh  waters  and  the 
oceans  are  of  vast  extent.  They  are  the  sandstones,  conglom- 
erates, and  shales  of  the  world;  and  they  include  the  lime-tours 
also.  The  ocean  has  done  far  the  larirer  part  of  the  rock-mak- 
ing. In  the  earlier  geological  a  ire-  it  worked  almost  alone;  for 
the  lands  were  very  small,  and  only  large  lands  can  have  large 
rivers  and  rivrr  deposits.  Afterward,  in  the  .  there 

wa-    at    l.-a-t    one    larL'e    delta    or   r-iuar\    on    the    horde,-    of    ihe 
•  •an  continent,       that  of  the  St.   Uiwr-  r  since 

•  •n   imjH»rtant   aid.      Dnrini:  the  last  of  the  ages, 
:ient-    had    reached    nearly   their   present   extent, 
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and  the  mountains  their  modern  height  and  numbers,  rivers 
have  done  the  larger  part  of  the  distribution  of  rock-material. 
Sedimentary  rocks  show  that  they  were  formed  through  the 
action  of  water,  often  in  the  rounded  or  water-worn  pebbles 
they  contain,  or  the  water-worn  sand,  or  from  a  resemblance 
in  constitution  to  a  consolidated  bed  of  mud  or  clay;  in  their 
relics  of  aquatic  life,  and  the  indications  of  wave-action  or  cur- 
rent-action above  pointed  out;  and  in  their  division  into  layers, 
such  as  exist  in  known  sediments  or  deposits  from  waters. 

6.    The  Work  of  Ice. 

1.  Expansion  on  freezing.  —  When  water  freezes  it  expands. 
If  it  freeze  in  a  pitcher,  the  expansion  is  pretty  sure  to  break 
the  pitcher.     If  it  freeze  in  the  crevice  of  a  rock,  it  opens  the 
crevice;  and  by  repeating  the  process  winter  after  winter  in  the 
colder  countries  of  the  globe,  it  pries  off  and  breaks  apart  rocks, 
and  makes  often  a  slope  of  broken  blocks,  or  talus,  at  the  foot 
of  a  bluff.     By  opening  cracks  in  this  way  it  gives  air  and 
moisture  new  chances  to  do  their  quiet  work  of  destruction. 

2.  Transportation   by   the   ice  of   rivers   or   lakes.  —  When 
water  freezes  over   a   river   it   often  envelops  stones  along  the 
shore;  and  then,  whenever  there  is  a  breaking  up,  the  ice  with 
its  load  of  stones  is  often  floated  off  down  stream;  or  if  the 
water  of  a  stream  or  lake  rises  in  consequence  of  a  flood,  the 
stones  may  be  carried  farther  up  the  shore  and  dropped  there. 

In  cold  countries  ice   often  forms  thickly  about  the  stones 
3* 
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in  the  bottom  of  a  stream;  and  as  it  i-  lighter  than  \\.iti-r  it 
may  become  thick  enough  to  serve  as  a  float  to  lift  the  stone 
from  tin-  bottom,  so  that  both  ice  and  stone  journey  together 

with  tin-  current. 

These  are  commonplace  ways  in  which  ice  does  geological 
work.     Its   greater    labors  are   performed   when    it    i>   in   the 

.•..minion  of  a  glacier. 

3.  Glaciers.  —  (ilaciers  are  broad  and  deep  streams  of  ice 
in  the  great  valleys  of  snowy  mountain*  like  the  Alps.  Tin 
-no\\-  that  fall  about  the  summits  above  the  l«\d  of  perpetual 
snow  accumulate  over  the  high  region  until  tin-  depth  i<  one 
or  more  hundred  feet.  At  l>uu..m  it  is  packed  b\  tin-  press- 
ure and  becomes  ice.  lt~  'I-  -••'•ml 
tin-  slopes  of  the  mountain*  and  along  tin-  \alle\-,  which  it 
tills  from  side  to  ride.  Tin-  width  (.!'  tin-  dh-v 
in. IN  }„•  Mf0n]  •  depth  in  the  Alpine  \alley 
er;tll\  from  ^(Hl  tu  .'.nil 

The  -id    far    l.elo\\     the    line    of   IP  ulieH" 

the  field-  are  L'reei)  and  irardens  tl(.uri>h  ;  and  this  take-  j.laee 
because  then-  i-  -»  thick  a  mass  In  the  Alj>-  the 

glai-t.  b  h    down    the    vail-  !"\v 

the  -now-lme.      At    ( innd.-l\\;dd    two   trl  'hiu 

a  short  di-tanee  df  the  \dlage. 

'    in    thr     \lj»-    in    -uinni.T    i-    nio-tly 
I  H   and    :>n    i,  ml    li.df  this  in   winter  :    1^ 

inches  a  day  correspond-   to  a   mile  in  about    I  I ; 
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Fig.  52  (from  a  sketch  in  one  of  Agassiz's  works  on  glaciers) 
represents  one  of  these  great  ice-streams  or  glaciers  descending 
a  valley  in  the  Monta  Eosa  region  of  the  Alps.  A  valley  often 
narrows  and  widens  at  intervals,  and  changes  its  slope  at  times 

Pig.  52. 


Glacier  of  Zermatt,  or  the  Gbrner  Glacier. 


from  a  precipitous  to  a  horizontal  surface.  The  ice  has  to  ac- 
commodate itself  to  all  these  variations.  On  turning  an  angle 
it  is  broken,  or  has  great  numbers  of  deep  "  crevasses  "  made 
through  it,  especially  on  the  side  opposite  the  angle.  On  com- 


00 


mencing  a  rapid  descent,  great  breaks,  or  crevasses,  cross  tin- 
glacier  from  one  side  to  the  other.  On  reaching  a  level  place 
again  the  ice  closes  up,  and  the  glacier  loses  IK  arlv  all  its 
crevasses.  The  ice  is  brittle,  and  freezes  together  \vhen  the 
separated  parts  are  brought  in  contact  again;  so  that,  as  it 
moves,  it  goes  on  breaking  and  mending  itsd:  |,l..>ii.-; 

for  it  may  be  made  into  rods  by  pressing  it  through  a  hole, 
and  will  take  the  impress  of  a  medal ;  so  thai  ;,,,,,_ 

date  itself  in  this  way  also  to  the  changing  cha  the 

surface  over  which  it   moves. 

Along  the  sides  of  the  glacier  tin    dills  of  rock 
down  stones  and  earth,  or  avalanches  of  ice  and  rock-    and 
these  make  a  line  of  earth  and  rocks  alonjr  n,hrr  margin,  which 


Jl.d    a    monuue.      Tli.  M    moraii,  rri.-d    with    tin 

to  whi-n-   if    Jii.llsand   ih.rr   dro|i|N-d.      Oth.T   hlo.-ks   an    taken 
up  h\   the  -.jdr*  and   liottiiui  of  tin-  glacier. 
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Wherever  a  glacier  has  moved  the  rocks  are  scratched, 
planed,  or  polished,  often  with  great  perfection,  as  illustrated 
in  Fig.  53. 


Fig.  54. 


View  on  Roche-Moil tonnc^e  Creek,  Colorado. 

Ledges  of  rocks  also  are  rounded,  making  what  are  called 
sheep-backs,  or,  in  French,  roches  moutonnees.  Fig.  54  repre- 
sents the  roches  moutonnees  in  a  valley  of  the  mountains  of 
Colorado,  —  a  valley  leading  up  to  the  Mountain  of  the  Holy 
Cross,  seen  in  the  distant  part  of  the  view.  It  is  from  the 
Export  of  Dr.  Hayden  for  1873.  No  glaciers  exist  there 
now;  but  once  they  were  of  great  extent  and  depth.  The 
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scratching  and  polishing  are  done  by  the  stones  in  the  bo 

I   sides  of  the  glacier;  and  these  stones,  as  is  natural,  are 
also  planed  off  and  scratched. 

4.  Icebergs.  In  tin  Arctic  regions  the  glaciers  of  Green- 
land, loaded  \\iih  their  moraines,  extend  down  into  the  sea, 
and  the  part  in  the  water  sooner  or  later  breaks  off  and  floats 
away  as  an  iceberg.  These  icebergs  are  carried  south  by  tin 
Labrador  current,  and  large  numbers  of  them  in  tin-  course  of 
a  season  reach  the  Banks  of  Newfoundland.  Thru  they  find 
the  waters  warmer,  in  consequence  of  the  nearness  of  tin-  (Julf 
itn,  and  they  melt  and  drop  their  burden  .  .ind 

L mil  into  the  waters.     It  has  been  suggested  that   the   K-mU 
•midland   owe   their  exigence   to   the    ineltim:   and   cou- 
nt  imladinir  there  of  icebergs. 

It   thus  appears  that   ice  does  geological  work  (1),  in  tl 
of  formation,  through  -2     by  trans- 

porting over  the  land  earth  and  -tones  ;ind  rock*.  some  of  the 
rocks  as  large  as  ordinary-si/ed  houses,  —  and  dropping  them 
\\hen  the  ire  melts;  (3)  by  tearnm'  apart  rock-  through  n- 

ement  wherever  there  are  opened  seam-  into  which  it 
pass;  (4)  by  wearing  deeply  into  t  \\luch  it 

move,   :u  ;iuii:    and    poli-him:    har  and,   as 

;••>.  and   «-arth 
n-trion  to  another 
dams   across   valleys  that    can-.-    irreat    d  D    wlien   I 
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7.    The  Work  of  Heat  in   Rock-making. 

The  effects  here  mentioned  are  the  following :  — 

1.  Expansion  and  contraction  from  change  of  temperature. 

2.  The  fusion  of  rocks,  and  their  ejection  through  volcanic 
vents  and  fissures. 

3.  Solidification    and    crystallization    of    fragmented    rocks, 
through   long-continued   heat,   and  the   filling   of  fissures  and 
making  of  veins. 

1.    Through  Expansion  and  Contraction. 

Owing  to  the  alternation  each,  day  of  sunlight  and  darkness, 
the  surfaces  of  exposed  rocks  experience  an  alternate  heating 
and  cooling,  and  therefore  alternate  expansion  and  contraction. 
This  cause,  which  is  sufficient  to  break  the  solder  of  soldered 
metallic  roofs  on  houses,  to  loosen  the  cemented  blocks  of  a 
stone'  wall,  and  to  give  a  perceptible  movement  to  high  stone 
towers,  tends  to  start  off  the  grains,  and  sometimes  separates 
an  outer  layer  from  bare  rocks,  especially  when  the  surface  is 
weathered.  As  it  is  in  action  over  the  whole  surface  of  the 
earth,  it  is  an  important  addition,  in  a  quiet,  way,  to  the 
chemical  work  of  air  and  moisture,  in  the  making  of  earth  or 
gravel  for  the  formation  of  rock  deposits  ;  and  it  lias  been  so 
ever  since  the  sun  first  shone  upon  bare  rocks.  A  foot  or  two. 
of  soil  is  a  protection  against  this  method  of  degradation. 

Heat   gaining    access   to   rocks    beneath    a    region    expands 
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them  and  causes  an  elevation  of  the  surface ;  and  loss  ot  li.-at 
produces  a  reverse  effect     Fractures  may  attend  such  changes 
.  ••!,  and  also  light  earthquakes. 

2.  Making  of  Rocks  through  Fusion  .   Volcanoes. 
1.  Volcanoes.       Igneous  rocks,  or  those  made  by  the  cooling 
nt  melted  rock  material,  are  described  on  page  18  as 

55. 


Ml  Ml  fthwMa,  from  it*  north     from  •  photograph  by 

come  to  the  earth's  surtuc-  ti-.m   1.,'luw  tlinmjji  fissures;  and 
also  as  sometimes  having  been  ejected  nt  fn>m  ..n«- 

and  the  same  o|n'iiiii;j  todl  «>l 
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When  fissures  are  filled  and  closed  by  one  eruption,  they 
make  dikes  of  igneous  rock,  and  also  one  or  more  beds  if 
the  melted  material  flows  from  the  fissure  over  the  region 
adjoining. 

But  when  a  vent  remains  open  for  many  successive  eruptions 
it  becomes  then  the  centre  of  a  true  volcano  or  fire-mountain. 
The  outflows  of  liquid  rock,  and  ejections  of  volcanic  sand  or 
cinders  from  one  side  and  the  other  around  the  vent,  produce 
a  hill  or  mountain  of  a  form  more  or  less  nearly  conical. 
Fig.  55  represents  Mount  Shasta,  one  of  the  volcanic  mountains 
of  Western  North  America,  having  an  elevation,  according  to 
Whitney,  of  14,440  feet.  It  is  not  now  in  action,  yet  has 
hot  springs  near  its  summit.  It  also  represents  well  the  gen- 
eral form  of  the  great  volcanoes  of  the  Cascade  range  to  the 
north  of  it  in  Oregon,  and  of  those  along  the  Andes  in  South 
America.  Of  the  latter  Cotopaxi  is  an  active  volcano  19,660 
feet  in  height,  and  Arequipa  another,  18,877  feet,  while  Acon- 
cagua, of  Chili,  has  a  height  of  22,478  feet,  and  is  the  loftiest 
peak  in  the  Andes. 

Active  volcanoes  send  forth  only  vapors  in  their  times  of 
quiet.  In  periods  of  eruption  streams  of  lava  (or  liquid  rock) 
are  poured  out,  —  either  over  the  edge  of  the  crater  or 
through  breaks  in  the  sides  of  the  mountain.  The  latter  is 
the  common  mode.  At  the  same  time  cinders  —  or  fragments 
of  lava  —  are  often  thrown  from  the  crater  to  a  great  height 
above  the  volcano,  to  fall  in  showers  around. 

£ 
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uioes   vary   much   in   uugle   of  slope.     When  m..< 
cinders  the  angle  is  often  40°  to  42°.     If  formed  through  the 
alternation-  of  lava-  and  cinders,  or  «.;  ie  slope  may  be 

_r-.  -J.j  and  .jr..     Fig.  ot>  gives  the  slopes  of 

riff.  M.  the  \ol,   .  rullo,  m    \le\ieo.      Mam 

of    tin-    gRllldr>t     \olealloo    of    the    World, 

like  Ktna,  and  those  of  Hawaii,  in  the 
Sandwich  Islands,  liave  an  exceedingly  gentle  slope,  —  tin- 
height  onlv  a  twentieth  of  the  breadth,  as  in  Fig.  57,  giving 
i h<  -l-.j.  M  mi  Loa,  of  Hawaii.  These  last  an  in. i, I.- 

aim..-!   >olelv   of  lavas;    and   they  have  so  gentle  a  slojM-,  be- 
cause the  inelii. I  he  region  flows  off  freeh. 

The  eni]»Jioii«j  of  volcanoes  are  owing  main  I  v  to  the  waters 
ihat   LMIII  access  to  the  lire-.     The  rains  of  the  region  produce 

Flff.M. 


rliaf    descend    rind    pass    int..    the    n,> 
roek.  ih.-re   to   }><•  ehan^'d    to   \apor;    and    sea-water,  when    vol- 
canoes  :i'  r   in   the  ocean,  presses   ite  way  in. 
access  suddenly  tlirough   fnctnres.     Tlir  vapor  penetratin-  the 
liquid    nia^   evjunds   the    uholr.  ,     in   the    | 

fires  become  hotter  with  tin-  ir  lieii:ht  of  ih,-  ,-,,!- 

iimn    of    inrltrd    r..ek    in    tin-    inonir  ,r«    nx.n- 

from    the    hii:h    li.piid   column,   and    from 

vapors,  breaks  the   m,,ii  !  the   lavas   run   out.  devaa- 
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tating  the  country,  it  may  be,  for  a  score  of  miles  or  more. 
When  the  sea  gains  sudden  access  to  a  volcanic  vent,  the  erup- 
tion is  accompanied  with  violent  quakings  of  the  mountain. 
Every  few  years  the  country  on  one  side  or  another  of  Vesuvius 
is  deluged  with  the  fiery  rock,  cultivated  fields  buried,  and  not 
unfrequently  villages  destroyed..  Pompeii  and  Herculaneum 
were  buried  beneath  the  cinders  of  an  eruption  that  took  place 
in  the  year  79  of  our  era;  and  since  then  several  streams  of 
lava  have  flowed  down  over  Herculaneum,  adding  to  the  depth 
of  rock  over  it.  The  deposits  of  cinders  make  a  kind  of  soft 
sandstone  called  tufa. 

Mount  Loa,  on  Hawaii,  has  had  six  great  eruptions  through 
fissures  in  the  sides  of  the  mountain  within  30  years.  There 
is  a  summit  crater  (L  on  the  map)  at  a  height  of  13,760  feet, 
and  another  called  Kilauea  (at  P),  nearly  4,000  feet  above  the 
sea,  which  is  the  larger  of  the  two.  The  map  shows  at  1,  2, 
3,  4,  5,  and  between  P  and  K,  the  courses  of  the  eruptions. 
K  is  the  position  of  another  volcanic  mountain,  Mount  Kea, 
as  high  as  Loa,  and  H,  of  another,  10,000  feet  high. 

The  liquid  rock  comes  up  from  some  deep-seated  fire-region. 

Volcanic  mountains  are  very  numerous  along  the  Andes; 
in  Central  America  and  Mexico;  in  Oregon  and  Washington 
Territory,  from  Mount  Shasta  to  Mount  Baker  and  beyond;  in 
the  Alaska  archipelago  on  the  north;  all  along  the  west  side 
of  the  Pacific  through  Japan  and  the  East  Indies ;  southward 
in  the  New  Hebrides,  New  Zealand,  and  in  Antarctic  regions. 
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Tlni>    tin-    I'acilic,    tin-    tfrrat    ocean    of    tin  ;     \\illi 

volcanoes,  besidr>   haxinir  iuan\  o\cr  il>  surface.      Tin-  Atlantic, 
in  contrast  with  it,  has  none  on  n>  l)nnl«-r>,  •  \crpt  in  tli< 


U  M«mt  LMsK.Mmoit  K 
I«5»I    %  Of  1*55:   4.  <rf    |8« 

t  f.  KaiUki  i  A. 


P.  KIlMM  or  I.u.  P<fW  ,  i.  Eruption  of  IS 

.*:/.  Kc.UV 

M  aipio  ,  ...  ftnt 
of  the  cturcnt*  i.  a.  j.  ami  5  •*•  from  •  map  by 


inea  on  the  coast  i.   ami    in   tin-   \V«-«t 

an. I    hut    frw    •  nt.TK.r. 

II     '      -;.-  i      liiakr     <l«|i'  -'.lira     anniinl     tin-Ill, 

Owing    to    t  tin-     ht-at     ha>    «-iial)lril    tin 

up    from    tin-  rock-    \\ith    \\lnVli    thr\    arc    in    contact.       Such 
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Fig.  69. 


springs    sometimes   throw   their   waters   in    jets    at    longer   or 
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shorter  intervals,  and  they  are  then  called  geyten.     One  of 
the  geysers  of  the  Yellowstone  Park,  in  the  Rocky  Mouir 
(where  there  are  great  numbers  of  them),  is  represented  in 
ticm   in   Fig.  59,  taken  from   Hayden's   Ji«|*.n    l'..r    l^M.     It 
throws  the  water  to  a  height  of  200  feet  or  more.     The  gey- 
sers !•!'    Yellowstone    Kirk    are    inosllx    about    the    Fire-hole    I; 

a  fork  of  Madi-on  Ki\er.  and  near  Shoshone  Lake,  tin-  head  of 
Snake  River,  and  not  far  from  the  head  of  the  Wllo\\>tow. 
The  number  of  hot  springs,  hot  lakes,  and  geysers  in  the  Kirk 
has  been  stated  to  be  not  less  than  I",' 

•*  are   regions  about  volcanoes  where  va; 
and   sulphur   is  deposited.     Tin-   name    i>   from  tin-    Italia- 
sulphur. 

3.    Solidification,  Metamorphiam,  and  Formation  of  Veins. 
1.  Solidification. —  Linn  -stones    have    been  solidified    through 
carbonate   «>f    lime    (bicarbonate)    in    >olution    in   water-:    also 
some  sandstones  by  the  same   mean>,  the    lime-silt    Ix-mi;  de- 
rived   from   the  grains  of  shells,  corals,   ete..   m   the>e   r 
BOOM    HDcbtoOfll    li.ive    IM.II    parti. dl\    hanlened    li\    the    -ill.  .1    in 
solution    ill   inai»\   cold    waters.  e-|>eelall\    when-  then-   are  dia- 

(page  :;:.  in  the  roek,  to  niter  int..  M>luti<>n.  The  masses  of  Hint 
and  hornstoiie  in  rocks  are  made  ..ir  <n>  and  other  >di- 

Ceou-  [»;ige  38)  b\   e-.n-olulatiun  in  eold  water-;  and  man\ 

fossils  have  been  turned   to  quart.  -me  wa\. 

Hut  the    (jld«  I  :irs    and    shales    are    still 
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soft  or  unconsolidated.  A  large  part  of  the  more  solid  have 
had  the  aid  of  heat  in  solidification,  —  heat  producing  siliceous 
waters  for  the  work.  Hot  waters  containing  in  solution  some 
alkali,  as  soda  or  potash,  have  the  power  of  dissolving  silica; 
and  they  find  both  the  silica  and  the  needed  alkali  in  the 
feldspar  of  igneous  or  other  rocks,  and  hence  the  waters  of 
hot  springs  are  generally  siliceous. 

2.  Metamorphism.  —  This  heat,  when  it  has  been  long  con- 
tinued, —  probably  for  thousands  of  years,  —  has  not  only  con- 
solidated the  rocks,  but  has  also  crystallized  them,  turning 
sandstones,  shales,  and  conglomerates  into  the  metamorpkic 
rocks,  granite,  gneiss,  mica  schist,  hornblende  rock,  and 
other  kinds.  Those  fragmental  rocks  were  made  by  the  pul- 
verizing of  granite,  gneiss,  mica  schist,  and  the  related  rocks ; 
and  hence  the  return  to  granite,  gneiss,  mica  schist,  and  the 
like  by  a  new  crystallization,  when  acted  upon  throughout  by 
heat  and  moisture,  is  not  a  matter  of  surprise. 

Moisture  at  a  high  temperature  has,  moreover,  great  decom- 
posing and  recomposing  power;  and  many  minerals  —  as  mica, 
feldspar,  hornblende,  and  others  —  may  be  made  and  crystal 
lized  through  its  action,  arid  thus  become  constituents  of  met- 
amorphic  deposits  when  not  originally  present.  The  heat  of 
metamorphism  was  generally  much  below  that  of  fusion,  this 
being  obvious  from  the  fact  that  the  stratification  of  the  rocks 
is  perfectly  retained;  for  the  layers  of  mica  schist  and  gneiss 
correspond  with  the  bedding  of  the  sandstone  or  shale  out  of 
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ulnch  the\  were  made.  But,  in  some  cases,  the  heat  was  suffi- 
cient to  soften  the  rock,  and  then  the  planes  of  stratitication 
were  obliterated,  making  granite  instead  of  gneiss,  —  granite 
differing  from  gneiss  only  in  the  ab>emv  of  anuhinir  like  >i rat- 
ification or  an  arrangement  of  the  material  in  layers.  There 
are  all  shades  of  gradation  between  granite  and  gn 

ll'.it  lias  changed  common  or  compact  limestones,  that 
were  gray  to  black  in  color  and  full  of  fossils,  into  white  or 
clouded  ery>talline  limestones,  that  is,  white  or  clouded  mar- 
bles. In  a  case  of  this  kind  the  metamorphism  may  have  con- 
sisted simply  in  crystallization.  Yet  at  the  same  time  the 
impurities  of  tin  limestone  have  sometimes  been  converted  by 
the  proces>  into  i:rain>  of  mica  and  other  mini-nils,  which  are 
distributed  through  the  rock.  Similarly  other  rocks,  like  mica 
s<hi>t,  gneiss,  etc.,  have  been  filled  with  various  crystalli/.ed 
ils,  as  garnet,  tourmaline,  staun»lit« •;  and  even  the  gems, 
sapphire,  ruby,  topaz,  and  the  diamond  are  among  the  results 
of  the  metamorphic  process.  Moreover,  beds  of  earth\  iron- 
ores  have  been  made  into  crystalline  iron-ores,  examples  of 
which  (»n  a  grand  scale  occur  in  the  Adirondack  region  of 
Northern  New  York,  the  Manpiette  region  in  Michigan,  and 
in  tl  Mountain-  iri. 

Metamorphi-m    has    brni    carried    on    at    once    over    rnrioii* 
thousands  of  square  miles  in  area.     The  rocks  umlerL'oinir  tin- 
change  were  imd.-pjoniu'  also  an  upturning  ami    fnctnr 
a  scale  as  extensive;   and  the  m»\<tm!it-   \\.  n    the  source  of 
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the  heat  that  caused*  the  metamorphism,  just  as  the  rubbing 
of  two  sticks  together  produces  heat.  The  upturned  ore-beds 
often  look  like  veins  of  ore,  and  are  sometimes  wrongly  so 
called. 

Hot  springs  occasionally  produce  metamorphism  in  the  rocks 
about  them,  besides  causing  ordinary  consolidation.  The 
waters  of  geysers  (page  68)  deposit  a  large  amount  of  silica 
in  the  form  of  opal,  making  opal  basins  for  themselves  to 
play  in,  and  spreading  the  opal  widely  over  the  region  around. 
They  also  produce  the  petrifaction  of  wood,  changing  the  trunk 
of  a  tree  into  silica,  and  generally  without  obliterating  the 
grain  or  structure  of  the  wood.  But  the  making  of  such 
petrifactions  does  not  demand  heat,  as  they  have  often  been 
produced  in  beds  of  earthy  or  calcareous  mud  when  siliceous 
infusoria  were  abundant  in  it,  as  stated  on  page  70. 

The  opal  of  geyser  regions  is  of  a  coarse  kind,  yet  is  often 
beautiful  in  its  forms  about  the  pools.  The  precious  opal  has 
been  mostly  produced  in  feldspathic  lavas  (trachytes)  that  have 
been  long  subjected  to  hot  waters,  and  which,  under  the  ac- 
tion, have  yielded  up  part  of  their  silica  to  deposit  it  again 
as  opal  in  the  cavities  of  the  rock. 

3.  Veins.  —  Rocks  have  often  been  extensively  broken  so  as 
to  be  intersected  by  great  numbers  of  fissures  large  and  small; 
and  in  upturnings  the  layers,  especially  of  shaly  rocks,  have 
been  opened,  as  the  leaves  of  a  quire  of  paper  are  separated 
more  or  less  on  bending  it  into  an  arch.  The  fissures,  in 
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surh  ea>es,  and  all  the  openings,  have  become  filial  while  met- 
amorphic  changes  were  in  progress,  by  crystallized  rock-mate- 
rial, derived  t'roin  the  mek  nthcr  side  of  tin-  fracture  or  from 
depths  below  ;  and  metallic  ores  of  various  kind>,  as  of  lend, 
silver,  and  copper,  and  also  natne  gold,  have  often  be. 
ned  into  the  openings  or  fissures  along  with  the  rock-in 

i Figs.  60,  61)  are  the  fillings  of  fissurr>,  and  tin-  is  the 
•  ommon  way  in  which  they  liave  been  made.     The  mate- 


MI  the  rocks  on  either  -idr  or  K«|u\v.  hy  the 

Minixhn-e  present,  this,  at  the  high  temjxTature,  di—  .Kinir  it; 
and  thn-  laden  it  lias  pressed  into  all  <»jx-ned  >|uee>,  then* 
t«>  dep.Mt  it  as  long  as  there  was  .,|M-n  |p»  till,-,!. 

Such  \eins,  and  the  seams  orrup\iiiLr  "peinn^  |,,-t\\een  h\er>. 
•all'-rd  a  large  part  «.f  the  m  ,,-  w,,rld.  iron  ,  \rliided. 

(iold    is   imind   in    such  in  the  gravel    made    <»ni 

of  gold-bearing  rocks  by  some  proce.^  ur  destrnctinn. 

Many  veins  consist    of   quart/   alnne    -,,,.(,    .  ^n\(\. 

IK.HS  ,,ther 
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kinds  of  rock-material.  They  are  frequently  landed,  that  is, 
are  made  up  of  layers  parallel  to  the  walls.  These  layers 
consist  of  different  kinds  of  minerals  and  ores :  there  may  be 
an  outer  layer  of  quartz;  next  one  of  ore;  then  another  of 
quartz,  or  of  calcite,  or  of  some  other  earthy  mineral;  then 
perhaps  another  of  ore.  Such  a  structure  is  proof  that  the 
vein  was  filled  by  deposition  against  the  walls,  one  layer  after 
another,  and  that  they  were  not  made  by  injection  of  liquid 
rock  from  below. 

Other  metallic  veins  have  been  made  in  connection  with 
igneous  ejections.  Fissures  have  opened  down  to  regions  of 
liquid  rock,  and  sometimes  ores  have  ascended  along  with  the 
liquid  rock;  but  often,  in  some  part  of  the  same  disturbed 
region,  other  fissures  have  opened  which  have  received  from 
below  only  vapors  or  solutions  of  mineral  matter  including  the 
ores.  The  waters  that  exist  as  subterranean  streams,  especially 
beneath  stratified  rocks,  have  frequently  made  their  way  into 
such  opened  fissures,  and  there  becoming  at  once  highly 
heated,  have  aided  in  carrying  the  material  upward,  and  also 
in  determining  its  condition  and  its  arrangement  in  the  veins. 

In  Fig.  61  the  vein  a  is  broken  off  and  displaced  —  that 
is,  faulted  —  along  the  line  of  the  vein  b.  When  the  fissure 
occupied  by  the  vein  b  was  opened  the  rock  of  one  side 
slipped  by,  or  was  shoved  by,  that  of  the  other  side,  and  so 
the  fault  or  displacement  was  made.  Such  faults  are  very 

common. 
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II.      Making  of  Valleys. 

VALLEYS  are  made  (1)  by  erotic*   l»\    the  streams  of   the 
land,  —  the    common    way;    (2)   by    upliflittgt   or  flexure*  of 

rocks  making  mouniains  and  Ira v ins,'  troughs  or  low  regions 
between  the  mountains  as  valleys;  (:J.  through  //•</•////•«  of 
the  earth's  en, 

L  Valleys  of  erosion. —  Slopes  of  sand  or  gravel  are  some- 
time- deej.h   gullied  by  the  heavy   rain-  o!    a   >ingle  day,  or, 
in  geological   language,  deeply   eroded,  or  eaten   out    a-   1 111- 
word  nii-aii-.     Tin-  \\ork  of  tin-  i  H  gives  a  very  exact 
model,  on  a  small  scale,  of  thr   valley-   and    ridge-   of  moun- 
tain  regions.      The  gully,  or  little  vallcv,  has  often  ilia 
pice  at  its  head;   (£)   little  waterfalls  along  the  rteep  | 
its  cour-c.  \\herever  there  was  a  harder  layer  of  -and;   (3)  a 
narrow  bottom    with   stceplv   sloped  sides;    but.  near   tl. 
of  the  hill,  win-re  the  surface   i-   nearlv  hori/ontal,  a  Im.ad  and 
flat  bottoin                   ! ml    down   bv  the   sjireading   \\  < 

dgelets  between   the    little    \all«\  a   broken, 

•  dge  summit  in  their  upjMT  part,  and  are  broader  be|o\v. 
The  n'ader  should  study  ean-fully  the  fir-t  L'nlln-d  -l.-jx-  of 
tin-  kind  that  In-  ma\  meet  with,  for  it  will  1>«  a  -md\  of 
valley-mak'  tbfl  world.  Oid\  a  -IIILT!'-  niirht'-  Itifl  may 

have  sntlicc.l  to  make  the  little  \alle\-  and  ridirdrl-  of  the 
sand  -lojn-,  because  the  -and  \\a-  not  lirmh  eoii-olid.i!«  d.  Hut 
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if  the  rocks  be  ever  so  hard  they  yield  in  the  same  way,  and 
with  time  enough,  the  same  forms,  on  the  scale  of  the  grand- 
est mountain  region  of  the  world,  have  resulted.  Many  of 
the  river-valleys  of  North  America,  and  of  other  continents, 
illustrate  this  action  of  running  water.  Watkin's  Glen,  near 
Ithaca,  Trenton  and  Niagara  Falls,  in  Central  and  Western 
New  York,  and  the  Valley  of  the  Upper  Mississippi,  afford 
examples. 

The  character  of  the  valleys  and  ridges  will  depend  much 
on  the  hardness,  structure,  and  position  of  the  rocks.  When 
the  beds  are  nearly  horizontal,  precipices  and  waterfalls  are 
most  common. 

The  Colorado  River  of  Western  North  America  runs  for  two 
hundred  miles  through  a  gorge  or  canon  with  vertical  walls  of 
rock  in  many  places  over  3,000  feet  high.  The  sketch  in  Fig. 
62,  from  a  photograph  obtained  by  PowelFs  expedition,  is  a  view 
of  a  portion  of  this  canon  between  the  Paria  and  the  mouth 
of  Little  Colorado,  called  Marble  canon.  The  walls  in  the  dis- 
tant part  of  the  view  have  a  height  of  3,500  feet,  and  consist 
of  limestone,  whence  its  name.  But  in  other  parts  of  the  Col- 
orado caiion  there  are  various  kinds  of  strata,  and  in  some 
places  the  cut  has  been  made  deep  into  the  underlying  granite, 
—  and  all  is  the  work  of  the  river.  The  waters  have  a  rapid 
and  often  plunging  flow,  owing  to  the  slope,  and  carry  along 
pebbles  and  stones,  and  these  stones  aid  greatly  in  the  erosion. 
But  to  wear  out  so  wide  and  deep  a  channel  a  long  period  of 
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time  was  required.      Al>«>\r  tl  M.mr  miles  hack  from  tin- 

n\rr.  tin-  liori/otital   rock-  .in-   piled   up  to  a  -til  :n-ii:litf 

mdUi  m   places  a   l«-\.-l    -  r|,at   ,,f  th«- 

thr    sfri-am:    ami  llir>,-    pilrs   of    Mnt.i    Man-lin-    m    Wp- 

arate   ridges,  sometimes   in    tin-   fnrm  «.i-   pniin  -.  ll.itc.l 

iinl  talilr-topjx-.i  inountain.s,  are  parts  of  great  rock- 
:MM>    tli.it    once   spread    across    tin-    I 
show  that  erosion  has  carried  awa\  ilu-  lar^-r  portion  < 
up|x-r    ro«-ks,    the   QlOUlltiii  .      and    |)iiiua.  !«•>    IM-III^    m.-p-l 
in-ill. 
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The  ocean  may  have  aided  in  the  removal  when  the  land 
stood  at  a  lower  level,  partly  submerged;  but  it  could  not 
have  cut  out  the  gorge  or  canon ;  for  the  work  of  the  ocean 
is  to  wear  off  headlands,  form  sand-flats  or  beaches  along 
coasts,  and  fill  up  bays,  not  to  cut  channels  into  a  coast 
and  make  deep  valleys.  The  ocean  has  done  but  little  valley- 
making,  and  only  that  of  the  broadest  kind,  when  its  wide 
currents  swept  over  the  submerged  continent.  The  gorging  of 
mountains  and  plains  it  has  left  to  the  running  waters  of  the 
land.  These  running  waters  have  been  aided  in  some  cases 
by  glacier-ice  (page  58). 

2.  Valleys  made  by  the  upheaval  of  mountains.  —  The  wide; 
Mississippi  valley  is  a  depression  between  the  Rocky  Moun- 
tains on  the  west  and  the  Appalachians  on  the  east.  The 
making  of  these  mountains  was  the  making  of  the  valley. 
The  Connecticut  and  Hudson  Rivers  occupy  depressions  that 
were  probably  made  by  uplifts  either  side  of  them.  The  Adi- 
rondacks  are  among  the  oldest  of  mountains.  L<>ii,u'  after 
these  the  Green  Mountains  were  made;  and  when  raised,  the 
valley  in  which  lies  Lake  Champlain  was  a  region  left  low  at 
the  time.  Again,  the  valley  of  the  Sacramento  originated  in 
the  making  of  the  Sierra  Nevada  on  one  side,  and,  later,  the 
Coast  ranges  on  the  other.  The  other  continents  afford  simi- 
lar examples. 

8.  Valleys  made  by  fractures  of  the  earth's  crust.  —  1.  A 
great  fissure  in  a  volcanic  mountain  opened  for  the  ejection 
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<.f  lavas  lias  sometimes  been  left,  after  th«-  eruption  ceased,  as 
a  deep  valley.  2.  Great  regions  have  subsided  in  consequence 
of  subterranean  movement-,  l«M\ing  valley-like  depressions. 
Profound  fractures  have  taken  place  in  connection  with 
mountain-makini:,  leaving  sometimes  open  rents,  as  narrow 
\alleys  or  gorges. 

Hut,   notwithstanding   tin-    :  j    of  fractures,   the: 

few  valleys  over  tin-  earth  that  can  be  pointed  to  a-  made  in 
this   \\a\.      I'n.  tares   have  sometimes  determined   th«  courses 
of  stream*;    hut   the  stream,  thus  guided  in  it-  original  course, 
has   afterward   carried    forward    its   \\urk    of    ero>ion,   and    i 
the   irreat  valley    in  which   it   flows. 

m.  —  Making   of  Hills   and  Mountains,   and  the 
attendant  effects. 

THIKI  are  three  prominent  methods  of  mountain-making, 
producing  widely  different  results. 

I.    Mountains  made  by   Igneous   Ejections. 

Mountains  have  been  made  by  igneous  ejection-,  <  >]>«  lally 
l>\  those  of  volcanic  vents,  as  explained  on  page  »'•!.  Thou- 
sands of  square  i  r  the  western  ~!..JM-  of  the  Rocky 
Mountains  have  been  co\md  I,  1  in  ( >n>gon 
they  have  a  thickness  of  mon-  than  l.nnu  f,-«-t  ;  and. 

fonn  cones  then,  \\hosc.Mimimts  an-    IO,OIMI  to    II, tin 
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feet  above  the  sea.  The  loftiest  peak  of  the  Andes,  nearly 
23,000  feet  high,  as  already  stated,  and  numerous  others  in  that 
chain,  were  made  by  volcanic  action.  Mount  Etna,  in  Sicily,  is 
nearly  11,000  feet  high;  two  volcanic  mountains  of  Hawaii 
are  nearly  14,000  feet  high,  and  another  is  about  10,000. 

This  is  the  least  important  of  the  methods  by  which  moun- 
tains have  been  formed. 

2.    Mountains    and    Hills   produced    by  the  Erosion   of 
Elevated   Lands. 

In  all  mountain  regions  the  lofty  summits  and  ridges  have 
been  shaped  out  mainly,  as  already  explained,  by  running  water, 
and  such  heights  are  therefore  examples  of  the  results  of  ero- 
sion on  elevated  lands.  But  the  mountain-making  is  a  little 
more  completely  the  work  of  erosion  when  a  region  of  hori- 
zontal rocks,  which  when  first  raised  was  a  lofty  plateau,  has 
undergone  long  erosion.  Owing  to  the  height,  perhaps  several 
thousand  feet,  the  torrents  which  the  rains  make  and  feed  have 
a  steep  descent,  and  therefore  great  eroding  power;  and  ulti- 
mately such  a  plateau  has  often  been  reduced  to  a  region 
of  profound  valleys  and  precipitous  ridges.  The  elevations 
described  on  page  78,  as  the  remnants  of  a  great  rock-forma- 
tion, are  examples  of  mountain  sculpture  of  this  kind.  These 
remains  are  battlemented  heights,  temples  of  mountain-dimen- 
sions, towers,  and  columns.  The  elevations  have  often  a  broad 
cap  of  harder  rock  at  top,  and  if  of  much  breadth  they  are 
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called  mesas,  from  the   Spanish  mew,  a  table.     The  Catskill> 
are  a  group  of   high  summits  8,000  to  4,000  feet  above  the 
sea-level,  caned   l.v   runnim:  water  out  of   an   rli-vated  region 
;'-arlx    liori/oiital    n  ^  i<-\\    examples   are  v»  r\    common 

OVef   llir   world.        For    111    the    chants   of    lexel    ullich    ill,-  earth'- 

i    has   uinhTtroiic  an-a>  liaxr  ..fti-u  Ix-ni  lifted  without  much 

•iirhancc  of  the  beds. 

K\ampli  -  of  IllollUIIiriital 
torn  -mall    >ral. 

cur    in  Colorado,  and    haxr 

ii  the  name  of 
iiM-iit    I'ark    to   tin- 

.  63  is   a    >Uich 
M-CIIC   in    it,  from    llax.|cii'> 

i;.-pon    EM    L87»,     surh 

sion  ma^x  haxc 
IM-I  n  prodltcrd  liiallllx  lix 
raiii>  and  ruimiiiLr  water  ; 
hut  thcx  arc  in  p.irt  din- 
to  the  \\md>  ;  to  the  ijuiet 

\\ork,  rli-  of  air  and    im.Mure  ;    to   the   .1 

Iiate   heafiiiL'  ami    cooling  ,,f  the   surface   in   co!i>e(jufiiri-  of  the 
dadx    change-   »\'  Irmpi-ratun- ;    and.  in    frost v    n-iri"ii-.  «-r   \v 
the    xxmter>    an     rold,    to    the    fn-r/jnu'    "1     inoi-ture    oxer    the 
surface. 

mulMii: 
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mations  erosion  has  often  reduced  the  once  level  surface  to  a 
collection  of  hills.  In  some  parts  of  the  eastern  slope  and 
summit  of  the  Rocky  Mountain  region  the  Tertiary  is  worn 
into  a  labyrinth  of  valleys  and  variously  shaped  ridges,,  needles, 
and  table-like  elevations. 

This  mountain-making  by  erosion  is  an  external  sculpturing 
of  the  earth's  surface,  and  not  true  mountain-making,  —  the 
subject  considered  under  the  third  head. 

3.    Mountains  made  by  Upturnings  and  Flexures  of  Rocks, 
and   Bendings  of  the   Earth's  Crust. 

Mountain  ranges  have  been  made,  for  the  most  part,  through 
bendings  of  the  earth's  crust,  and  the  upturning  and  flexures 
of  the  rocks. 

1.  Upturned  rocks.  —  The  layers  of  stratified  rocks  were,  with 
small  exceptions,  originally  horizontal,  this  being  the  position 
which  layers  of  sediment  usually  have  when  forming.  They 
are  now  very  commonly  more  or  less  upturned.  Sometimes  the 
angle  of  inclination  is  small;  but  in  mosf  mountain  regions 
the  beds  are  inclined  at  high  angles,  and  often  are  vertical  or 
nearly  so.  In  the  study  of  the  inclined  positions  of  strata  the 
geologist  studies  the  origin  of  mountains. 

The  inclination  of  the  beds  below  a  horizontal  plane  is  called 
the  dip;  and  the  horizontal  direction  at  right  angles  to  the 
dip  is  the  strike.  When  the  roof  of  a  house  slopes  in  oppo- 
site directions  from  a  horizontal  ridge-pole,  the  angle  of  slope 
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or  pitch  of  the  roof  corresponds  to  the  '///, ;  and  tin   direction 
of  the  ridge-pole,  to  ti. 

Some  «.!'  tin-   po*iiion>  of  upturned   rocks  are  shown  in  the 
following   figures.     Fig.  •'.  1    n  presents  a  ledge  of  rocks   pro- 


.  r,:,. 


al.-  around;    ,1   //    i-    the    direction   of   lh- 

and  »  t  that  of  tin  Fig.  65   represents  a  portion  of 

the  coal-forination  with  Mumps  of  trees  ri-inir  out  of  the  coal- 
beds,  which  ha\e  InM  ihrir  vertical  position  because  of  the 
upturninir  of  the  ri 


2   Flexures.  0     7«>    n  present    Hexure-    or    folds  of 

the   strata,  —  such   as   ar  folds 
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in  a  mountain  region  are  sometimes  many  miles  in  span,  and 
often  one  arch  rises  beyond  another.  The  Appalachians  and 
Jura  Mountains  are  full  of  examples.  The  upward  bend  (at 
a  x  in  Figs.  66  -  69)  is  called  an  anticlinal,  from  the  Greek 
signifying  inclined  in  opposite  directions;  and  the  downward 
bend  (at  a  x'}  a  synclinal,  meaning  'inclined  together.  «  .<-, 
a1  of  are  the  positions  of  the  c/,/r.v  or  n.rinl  planes  of  the  folds, 
a  x  an  anticlinal  <i.i-ix  and  a  x  a  synclinal  axis.  In  Figs. 
68,  69  the  folds  are  pressed  over  beyond  a  vertical,  so  that 
the  axial  plane  makes  a  large  angle  with  a  vertical  line.  In 
Fig.  70  three  folds  arc  raised  together. 

Fig.  71. 

t 

Section  from  the  Great  North  to  the  Little  North  Mountain,  through  Bore  Springs. 

/  ft  positions  of  thermal  spring's. 

Fig.  71  represents  an  actual  section  six  miles  long,  from  a 
part  of  the  Appalachians  illustrating  well  the  flexures.  But 
it  illustrates  another  fact :  that,  since  the  flexures  were  made, 
the  region  has  been  worn  by  waters,  either  those  of  rivers  or 
the  ocean,  so  that  the  tops  of  the  flexures  are  worn  off,  and 
where  they  once  were  there  are  now  valleys;  such  a  valley 
is  represented  in  Fig.  71,  to  the  left  of  the  middle  above 
II.  The  tops  of  such  folds  would  have  been  broken  deeply 
while  the  bending  was  in  progress,  and  the  breaks  would  have 
opened  upward;  and  therefore  these  should  be  the  parts  most 
deeply  eroded.  The  thin  black  layer  over  IV,  on  the  left, 
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was  oiice  continuous  with   IV,  near  tin-  middle  of  the 
and  so   with   the   rest.     To  the   riirht    end  of  the  section   t Im- 
beds are  vertical. 

'Another  \ie\\   of   upturned  and   m-d.d    rocks  as  the\ 
at  a  locality  in  Western  Colorado    is  giveu  in  Fig.   It.     The 

HIT.   71'- 


:          ,    •       .       . 


strata  in  the  foreground    have   tin-    reverse   dip   «•!'   MIUM-    more 

•  1  witli    the   ii|>tnr. 

Other  examples  of   foldmir   and   of  >ul)-<  (juent    dr^r.idation. 
from   the    Alleghanies,   an     illustrated    in    Fiirs.    7-1-78.      In 


MM    the    harder    >t  rat  urn    in    the    ser 
large  degree  the  tinal  form  of  the  hill  and  the  landscape  effect 

of    the    eroHuli. 

remarkable  case  of  i! 
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and  subsequent  erosion;  the  folded  region  has  been  worn  away 
to  a  nearly  level  surface,  so  that  the  existence  of  flexures  is 
to  be  ascertained  only  in  vertical  sections  of  the  rocks.  Re- 
gions of  such  folded  rocks  are  generally  very  difficult  to  study, 
because  of  the  extensive  erosion.  Ledges  and  ridges  in  which 
the  strata  slope  only  in  one  direction  are  often  one  side  or 
part  of  a  great  fold. 

Pig.  79. 


General  view  of  folds  in  the  Archaean  rocks  of  Canada. 

3.  Fractures  and  Faults.  —  Besides  flexures,  great  and  small 
fractures  have  been  made  during  epochs  of  upturning  or 
mountain-making.  Fig.  80  represents  strata  thus  broken;  and, 
moreover,  the  beds  are  displaced  along  the  fractures.  The 
beds  numbered  1,  1,  1  were  once  a  single  continuous  layer; 

Figs.  80,  81. 


Fractures  and  Faults. 


and  so  with  the  others;  but  at  the  time  of  fracture  there  was 
a  dropping  of  the  middle  portion,  so  that  along  each  fracture 
there  is  now  a  fault,  or  displacement.  Another  case  is  illus- 
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trated  in   Fig.  si.     The  fault   in  a   reu  .1—  nU-d  ..„  ,, 
is  another  example.      I  represent  faults  or  displace- 

ments of  only  a  few  feet  or  yards;  hut  in  man\  faults,  pro- 
duced in  the  making  of  a  range  of  mountain-,  tin-  r-ock>  of 
one  >ule  of  a  fracture  ha\r  hrm  pushed  up,  or  ha\r  dropjx-d 
down,  thousands  of  feet.  When  fractures  in  fWJ  numerous 
over  a  region,  and  of  great  extent  and  regularity  tl, 
called  joints. 

4.  Unconformable  strata.  —  Rocks  an-  often   laid  down  hori- 

/(jntallv   over   upturned    n»ek>  ;    the  layers  of  tin-   t\\o   do   u,,t 

•rm    to    one    another;    a>    in     Fig.    s^,   in    \\lneh    tin- 

HIT.  at. 


rocks  1   and  2  are  u*confi>rmaf>?'\  while  -2  and  those  o\rrl\ing 
2  are  conformable.     In  the  figure  tin -n  ''  r.  j.r,-,  nted 

to     tin-      left      of     the      middle  ;      and      t!  .I'tlier     to 

the  1,-ft,   which   an'   conlined    to   the   lower   l>cd>      |i,  and  \\hich, 
therefore,    \\rre    made    In-fore    the    next     stratum    ftboffl       :'      W18 

fed. 

5.  Earthquakes.-     The   upturning.  nYxing.  and   fraetur:- 
rocks  could  not  have  taken  place  <n<  \\ithout 

!'-n    -hakinir"   or  jars   of    the    n.ck\    Mrata;    and    «\<r\    *\\c\\ 
jar  was  an  earthquake.      \    -  r.itch  <»f  a  pin  on  the  end 
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-log  may  be  heard  by  placing  the  ear  at  the  other  end,  be- 
cause the  vibration  made  by  the  scratch  travels  along  the  log, 
and  with  great  rapidity.  A  jar  in  the  earth's  crust  or  its 
rocks  travels  in  the  same  way.  It  has  often,  in  modern  times, 
been  felt  through  a  hemisphere.  Subterranean  thunder  has 
been  a  consequence  of  it ;  and  profound  fractures  of  the  earth's 
surface,  resulting  sometimes  in  the  destruction  of  cities  and 
human  lives.  Earthquakes  occur  whenever  there  is  any  yield- 
ing or  slipping  or  fracture  of  the  rocks  beneath  the  earth's 
surface;  and  they  are  most  likely  to  occur  along  the  moun- 
tain border  of  a  continent  where  have  been  the  greatest  up- 
turnings,  and  especially  where  there  are  volcanoes  along  such 
borders. 

6.  Metamorphism.  —  The   upturning,   fracturing,  and   flexing 
attending  mountain-making  accounts  for  the  heat  required  for 
metamorphism,  and  for  the  very  wide  extent  of  most  areas  of 
metamorphic  change ;  for  regions  of  metamorphism  are  regions 
of  upturned  rocks   (page*  72). 

7.  Cause  of  upliftings,  fractures,  and  flexures,  and  of  mountain- 
making. —  If  a  quire  of   paper,  lying  on  a  table,  be  pressed 
together   at   the   front   and    back   edges,   it    will   rise    into    a 
fold  ;    and,  in  case  the  paper  is  a  soft  and  inelastic  kind,  into 
a  series  of  folds.     Pushing  from  below  will  make  it  bulge  up- 
ward,   but    only    lateral    pressure  will    make  a   succession    of 
folds.     The  facts  with  regard  to  flexures  in  the  rocks  of  moun- 
tain  regions   prove   that   the  force  which   has   made  the  gre;tt 
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•  >f  fold-,  uplifts,  and  fractures  has  acted  laterally  ;  that 
is,  it   was  lutt-ral  pressure  within  Ike  earth's  crust. 

Mountain  ranges  occur  on  all  tin-  continents,  showing  that 
the  cause  of  uplift  and  flexure  has  been  a  universal  one;  and 
so  lateral  pressure  within  the  earth's  crust  is  a  force  neces- 
sarily universal  in  its  action.  Mountain  ranges  are  hundred* 
and  even  thousands  of  miles  in  length;  and  a  cause  thus 
mmersal  is  sufficient  to  have  made  all,  whatever  their  length 
or  height. 

This    lateral    pressure    i*    attributed    to    the    admitted    fact 
that  the  earth  was  once  melted  throughout,  and  has  trraduallv 
cooled    over    its    surface  ;    and    that    the    first    crust 
has    been    thickening   below   from    the    continued    cooling.     In 
cooling   from    fii-ion    a    rock    contract-.   L.-inir   on    an    I 
a   twelfth   of  its   bulk  ;    and    hence  continued   cooling   mean* 
continued    contraction    beneath    the    fiM-formed    rru-t.   and   an 
effort   to   draw  it  downward.      The    eru-t    would    !><•    necesaa- 
nh    put.   under    -ueh    circumstances,  into    a    state    of  pressure 
ry    jmrt   again-  ::iinir   part,    like    the    j.- 

arch  ;    and    if    an\    p.i' 

;-le   at    all,  there    would    1).-    Ujilift^.    flexure-. 

breaks,  or  fault's.      The  f].-\ure*    ni    the  earth'-  •!  .  then, 

of    thi>    lateral     pressure,    and     are  ideiice 

aa  to   its  extent    and    |H 

LTirat      nilLf'->    of     niouh'  .    for    the     nioM 

n    the    1,  i    the   oceans.      'Y\\\\<  on    the    Atlantic 
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border  there  is  the  Appalachian  chain,  while  on  the  Pacific 
stand  the  lofty  Bocky  Mountains.  Again,  in  South  America 
there  are  the  Brazilian  Mountains  on  the  east,  and  the  far 
greater  chain  of  the  Andes  on  the  west.  Other  continents 
illustrate  the  same  truth,  —  that  the  continents  have  high 
borders  and  a  low  interior,  and  also  that  the  highest  border 
faces  the  larger  ocean. 

Moreover,  the  volcanoes  of  the  continents  are,  with  few 
exceptions,  near  the  ocean,  and  far  the  greater  part  of  them 
are  on  the  borders  of  the  Pacific  or  larger  ocean  (page  67). 

These  facts  prove  that  the  breaks  and  uplifts  that  were 
made  by  lateral  pressure  in  the  earth's  crust  were  mostly 
confined  to  the  borders  of  the  oceans,  and  that  they  were 
most  extensive  on  the  sides  of  the  largest  ocean. 

A  reason  for  this  position  of  the  great  mountain  chains 
near  the  oceans  is  found  in  the  fact  that  the  crust  of  the 
earth  that  lies  beneath  the  ocean's  bed  is  lower  in  level  than 
that  of  the  land,  and  the  basin-like  depression  has  rather 
abrupt  sides  toward  the  continents.  Owing  to  this  the  action 
of  the  lateral  pressure  from  the  direction  of  the  ocean  w. 
obliquely  upward  against  the  land,  and  therefore  just  what  was 
required  to  push  up  the  borders  of  the  continents  into  moun- 
tains, or  to  produce  flexure  after  flexure  in  the  yielding  rocks, 
or  to  break  them  and  give  outflow  to  floods  of  lava. 

Mountain  chains  are  the  result  of  more  than  one  moun- 
tain-making process.  A  single  example  will  suffice  to  illus- 
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iin>   tniih.     The  range  of  elevated    land   from   Labrador 
\laluma    is    called    tin-    Appalachian    chain.      Hut    the    Adi- 
rondack's,   the    Highlands  of    \.-\\    .1  d   portions  of    the 

Him-  Kidge  of  IVnn>\  Kania  and  Virginia  wen  made  long 
lie  t'o  re  Hi.-  rest.  The  (in  ni  Mountain-  Mti  of  the  Adiron- 
dack- \\eiv  next  M.ther  immense  period 

of  tune  had  pas>rd,  at  the  close  of  the  Carhomferoii-  age,  the 
Alleirliani'  -  from  V  \  "i  '  Wiliaina,  weal  of  the  line  of 
the  Blii'  and  HighlamU,  \vei«  completnl.  Thn>  the 

A|)|)alachiaii   chain    was    a    result    of    a    -ncce»ioii    of    mount 
inakiliLT    i-tl'ortN.    ,,iie     pn.ducillir    one     ]ult.    and     the    re>t     ol  l 

The    pn.c.  -N  did    not    go  on  twice  along   just    the  same  ran^e 

oimtn.  hut    to    one  side  of   the   |)recedini:.  either  east  or 

x          the  completion,  the  countn    has  Ix-en   raised  as  a 

whole    1)\    a    p-ntle    bendinir    upwanl    of    the    earth'-    nuM. 

lateral     pressure    in    this    Case,    after    the    mountain-    wen- 

made,   and    their    rocks    folded    and    consolidated,  and    tin-  crn-t 

therein  stitlened.  prodllciliL:  a  -IlL'llt  tlexnre  of  the  cril-1  and 
not  aii\  foldniLf  of  -trat.i. 

i-   the    UlukniLr    of    tli.-    Allrirhaiii'  \ia«*    mountain- 

making    of    a    ditlerent     kind     more     Jo     the  nut  ward     in     the 

ne  of  the    next  age.     Alonir   t  the    Ha\   of 

Fnnd\.   the   Connecticut     \  ;dle\    -oijth    of    Efei     1  1  amp-hire,   and 
a    loin:    raiiL'f    "f    coiinin    tnun     the     I'ali-ade-   on    the     HIP: 
thro  N  "id     I't-nn-N  Ixania     into    \orth    Carolina 

(each   n-gion   JUIM!I«  I    t-.   tin-    pirt   o|    th,     A|ipala<  inan  chain  west 
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of  it),  where  several  thousand  feet  of  sandstone  had  been  de- 
posited,, there  were  made,  finally,  along  with  a  small  upturning 
of  the  strata,  a  vast  number  of  great  fractures  of  the  earth's 
crust,  the  fractures  deep  enough  to  let  out  melted  rock ;  and 
this  rock,  cooled,  constitutes  the  Palisades  on  the  Hudson, 
Mount  Holyoke  in  Massachusetts,  and  various  other  trap 
ridges  in  the  Connecticut  Valley,  Nova  Scotia,  and  the  more 
southern  sandstone  regions.  Here  the  lateral  pressure  pro- 
duced little  upturning,  but  much  fracturing,  with  extensive 
igneous  ejections ;  and  this  exemplifies  a  second  method  of 
action  in  mountain-making;  a,  method  which  was  most  com- 
mon in  the  later  end  of  geological  time,  when  the  earth's 
crust  had  become  too  stiff  to  bend  easily.  After  this  epoch 
of  disturbance  there  were  no  other  general  upturnings  along 
the  Atlantic  border  of  the  continent.  Mountain-making  was 
there  ended  long  before  it  was  on  the  Pacific  or  Rocky 
Mountain  side,  and  long  before  it  wns  in  Europe.  Neither 
these  mountains  nor  the  Alps,  Pyrenees,  or  Himalayas  were 
finished  before  the  close  of  the  Tertiary  ;  and  the  grandest  of 
im icons  ejections  in  the  world  belong  to  the  same  age,  the 
last  before  Man. 

Another  principle  connected  with  mountain-making  remains 
for  consideration.  It  will  be  best  understood  after  some  of 
the  facts  in  geological  history  have  been  reviewed;  the  dis- 
cussion of  it  is  therefore  deferred  to  the  pages  treating  of  the 
formation  of  the  Alleghany  Mountains.  (See  pages  171,  2<>s.) 
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7.  Making  of  continents  and  the  oceanic  depression.  - 
•i«»n  from  cooling  also  gives  a  reason  for  the  r\i>tnm 

the   great   depressions   occupied   by   the   oct-a  <>n    this 

\iew.  they  are  the  parts  «,r   tin-  earth's  crust    that    have   sunk 
most    with    tin-  progressing  contraction,       the  parts,  then: 
which  were   last   stiHe;nd.  \shiii   the   crust  was   in  process  of 
formation;    while    tin    .  -mitim  -nts   were   the   portion    that   con- 
tracted least,  <»r  which  first   became  solid. 

8.  Conclusion.       Then-    i-  thu-,    in    the    single   tart    that    tin 
<-:irth   is,  and  .  oulin^  irlnbi-,  .,nd  t lien-tun-   uni- 

>11\    a   contractm-    L'lolw.   an    e\j)lanation    ll)    of   the   p-nflr 

of    |r\.|     in     t!i,      rartl/5    >urfa<-e    that     ha\e     ; 
going  on  through  all  past  time;  (2)  of  the  uj .turnings, 
t!e\ure>.  tr.M  -tures.  faults,  and   uplift  ings  of  strata,  and  the  liend- 
ings  of  the  earth's  eru>t.  which   ha\e  n-ulted  in  the  ni.ikin: 
the   Lfreat    mountain  chain-  of  the   L'l<  of  the  o|M-ii!iiLr  of 

Mires   down    to    tin-    dn-p-xralrd    n-irions    of   tire    L'IVHIL'  •  \H 
of  li(|iiid    rock    and    producing    rdflMlOMj      I      of  the 
their   nietainorp!ii>ni.  <-li.niLr  ni:   the    rude 
1-bed?  and   inud-ln-d-   i  illinc   rocks,  and   tilling  \\»- 

-   \\\\\\   veins  of  ores   and   gems;   (b)   of  earthquakes,  the 
-th»|iiaki-s  and  the  larger  part  of  the  Miiall.  r  one>  ;  and. 
finally,  (6)   an  npl  4  the  oriirin  of  .MUM.. 

It    may  he  thouirht   that    by  tlius   referring  -!ar\  causes 

the    inakintr   and    cr\<talli/n  kf,  the    pl.i<  MIL'   and    ra 

of    i  08,    and    evm    the    drtii, 
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leave  little  for  the  Deity  to  do.  On  the  contrary,  we  leave  all 
to  him.  There  is  no  secondary  cause  in  action  which  is  not 
by  his  appointment  and  for  his  purpose,  no  power  in  the  ma- 
terial universe  but  his  will.  Man's  body  is,  for  each  of  us,  a 
growth;  but  God's  will  and  wisdom  are  manifested  in  all  its 
development.  The  world  has  by  gradual  steps  reached  its  pres- 
ent perfected  state,  suited  in  every  respect  to  man's  needs  and 
happiness,  —  as  much  so  as  his  body;  and  it  shows  throughout 
the  same  Divine  purpose,  guiding  all  things  toward  the  one 
chief  end,  —  Man's  material  and  spiritual  good. 


PART    III. 

HISTORICAL  GEOLOGY. 
Subjects  and  Subdivisions. 

HI-TMKK  M.  (ii.ni.ooY  treats  of, - 

I.  Tlje  succession  in  the  formation  of  the  rocks  of  the  earth. 
and  in  the  conditions  under  which  they  were  made. 

'  Tin-  progress  in  the  continents,  from  their  -mall  begin- 
nings to  their  present  magnitude. 

DM  eh. tildes  of  level   r\er   iTMiiiL'  ,,n.  :md   the    mining  of 
mountain-    at     I..IIL'    infenal-    in    the    r..nr-e    of    the    ages,    the 
'    and    Inn-;,  M    in    the   last   of   those  au'e-   ju-t    h.-fore   the 
•  f   Man. 

4.  The  multiplication  of  riser-  a-  the  dn  land  e\t.  nded, 
and  thereh\  the  excavation  of  valli-x-.  the  -liapini:  <>f  loftv 
ridges  giving  grandeur  f«>  the  mountains,  and  t!  ni:  of 

(he  h.u.r  land-   with  -.il  and   fertilitx. 

.")     Ti..     i  halite-    in    clirn.ite.    from    tin-    mmer-al    warmth    of 

. -eh:ran    \\.,rld    to    the    »-\i-tini:    \an«t\    of    heat    and    cold. 

6.  The  succession    in    the  nder    the    two    kingdom- 


HISTORICAL   GEOLOGY.  97 


of  life  —  Plants   and    Animals  —  from   the    simpler   forms    of 
early  time  to  Man. 

The  rocks  are  sometimes  spoken  of  as  the  leaves  of  the 
geological  record.  But  these  rocks  are  in  various  lands,  here 
some  and  there  others;  and  how  can  they  be  brought  into 
order  so  as  to  make  a  continuous  history  worthy  of  confi- 
dence ?  The  case  would  have  been  hopeless  were  it  not  for  one 
branch  of  this  history,  —  that  relating  to  the  pror/rcx*  <>f  life. 
There  has  been,  as  above  intimated,  a  succession  in  the 
species  of  plants  and  animals  that  have  lived  u|H)ii  the  globe. 
The  earliest  kinds  were  followed  by  others,  and  these  by  still 
others,  and  so  on,  through  age  after  age,  before  the  final  ap- 
pearance of  Man.  The  plants  and  animals  that  lived  in  tin- 
successive  periods  left  their  relics  —  that  is,  stems  or  leaves, 
shells,  corals,  bones,  and  the  like  —  in  the  mud  or  sand  of 
the  sea-bottom,  sea-shore  flats  and  beaches,  and  in  other  depos- 
its of  the  era;  and  these  sand-beds  and  mud-beds  arc  now 
the  rocks  of  those  periods.  Hence  in  the  rocks  of  one  era 
we  find  different  relics,  or  fossils,  from  those  of  the  preceding 
or  following  era.  Geologists  have  ascertained  the  kinds  that 
belong  to  the  successive  rocks,  or  eras,  of  the  world  ;  so  that. 
if  they  come  upon  an  unknown  rock  with  fossils,  in  a  coun- 
try not  before  studied,  it  is  only  necessary  to  compare  the 
fossils  found  with  the  lists  already  made  out. 

Eor  a  very  long  part  of  early  time  after  life  was  abundant 
there  were  no  fishes  in  the  world.     The  discovery  of  a  fossil 
5  a 
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fish  in  a  bed  of  rock  is,  hence,  evidence  that  the  bed  does 
not  belong  to  the  formations  of  that  early  time,  but  to  one 
of  some  later  i><  ru-d.  After  the  first  appearance  of  fishes  the 

kind>  chan^-d  uith  the  )>rogres8  of  time;  so  that  if,  in  tin- 
case  of  our  di-co\er\.  \N«  e.m  ascertain  tin-  tribe  to  winch  tin- 
fossil  tish  \ve  have  obtained  belonged,  we  can  then  d. 
approximately  tin-  air<-  oi'  the  rock  which  afforded  it.  No  her- 
ring, cod,  and  salmon  are  known  to  have  existed  until  near 
the  last  of  the  geological  ages;  and  if  the  specie-  turned 
out  to  be  related  to  these,  we  should  conclude  that  the  rock 
was  among  the  later  in  geological  hi  :d  a  determination 

of  the  species  might   lead  to  the  precise   epoch   to   wlu< -h    it 
pertained.      Bones  of  beasts   of  prey,   cattle,   and    h. 
found  only  in  rocks  of  the  last  two  geological  ages. 

Thus,  owing  to  the  succession  of  life  on  the  ^lobe,  tin- 
geologist  is  enabled  to  arrange  the  fossiliferons  rocks  in  the 
order  of  their  formation,  —  that  is.  the  order  of  time. 

If  a. stratum  in  one  region  contains  no  i\»sils,  or  if  it-  fu^iN 
••   been  obliterated    by  heat    producing    metamorphi-m.   the 
fed   li\   the  geologist  to  another  region,  with  tin- 
hope  of  there  disc.  ,,t   le.i>t  of  tin.ln-  them  in 
an   underhiii!'                :  lying  stratum.      In    this   and   other  ways 
doubts  are  gradually  removed,  and  the  true  H  in  au\ 
region  is  made  out. 

The   history   has   thereby   been   divided    into   four  grand  sec- 
:  — 
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I.  ARCHAEAN  TIME;   that  is,  beginning  time;   the  word  Ar- 
chaean is  from  the  Greek  for  beginning. 

II.  PALEOZOIC   TIME,  or   the   era  of   the   ancient   forms  of 
life;  Paleozoic  being  from  the  Greek  for  ancient  and  life. 

III.  MESOZOIC  TIME,  or  the  era  of  medieval  forms  of  life ; 
Mwtzoic,  from  the  Greek,  signifying  middle  and  life. 

IV.  CENOZOIC   TIME,  or   the   era  of   the    more  recent  forms 
of  life  ;   Cenozoic  signifying  recent  and  life. 

Paleozoic  time,  which  was  probably  at  least  threefold 
longer  than  all  later  time,  has  been  divided  into  three  ages  : 
(1)  the  SILURIAN,  or  AGE  OF  INVERTEBRATES  ;  (2)  the  DE- 
VONIAN, or  AGE  OF  FISHES;  and  (3)  the  CARBONIFEROUS,  or 
AGE  OF  COAL  PLANTS.  Mesozoic  time  corresponds  to  the 
AGE  OF  REPTILES.  Cenozoic  time  is  divided  into  two  ages, 
called  (1)  the  TERTIARY,  or  AGE  OF  MAMMALS  ;  and  (2)  the 
Qr  ATE  UNARY,  or  AGE  OF  MAN. 

The  kingdom  of  Animals  has  five  great  branches,  or  subdi- 
visions, called  sub-kingdoms.  These  are, — 

1.  Protozoans:    Microscopic    species,   with   no   internal    organ 
beyond  a  stomach,  and  none  external  unless  hair-like  or  thread- 
like appendages.     The   Rhizopods  and  Sponges,  of  which   fig- 
ures are  given  on  pages  33,  39,  are  here  included.     Sponges 
are  large,  but  only  because  each  is  an  aggregate  of  a  great 
number   of  the   minute   animals.     The  word   Protozoan,  from 
the  Greek,  means  fr$t  or  simplest  animal . 

2.  Radiates:    Animals  having  a  radiated  structure,  that  is, 
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Mir. 


having  the  |Kirta  arranged    radiateh    around   ;i   centre,   \mh  the 

mouth    at    or    near    the    rmtrr  :    as    in    |M»1\|».    thr    animal-    of 

]-,   which    look    \rr\    lunch    like    tlowrr-    nn   account    of    the 

irranLrcnicni.        Kadi    one    ol     the    C\|MII<|C«|     |M.|\|>-    in 

tllis     t'lLMin-     of     a      llMII-  S-J       >ll(»\\H     \\cll     ill. 

character,     Tin   OimtiiU.  •  •!   on    |»;nrr   :ii.  tre   "thcr 

c\ani|i]r<    0  .iniinal-. 

3.  MoUusks:    u    the    0  N    kfl,   JUM!    <  nitlc-ti-h  ; 

•.    ll,-h\.    luL'-lik.-    l»o«|\.   \\itli    -OIIH-IIIIII-    ..n    ex- 
ternal   -h.-ll    t'..r    it-    |>i  i    intrrnal    hone   or    -hell    to 
nniH-HH    to    the    lle- 

4.  Articulates:    a-   the    I-'l\ .   P.uMrriU     l  ami   other  in- 
sects, the   Sjinlrr-   and    <                               I  .!>.  and    other 
Crustaceaths  and  thr  \\              inimali   haMm:  the  l>..d\   made 
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up  of  segments  or  parts  jointed  together,  and  having  the  legs 
and  feelers  jointed.  A  lobster  shows  well  the  jointing  of  the 
body  and  of  all  its  limbs.  Articulate  means  jointed.  The 
Lobster,,  Shrimp,  Crab,  and  some  other  related  animals  are 
called  Crustaceans  because  they  have  a  crust-like  exterior 
sometimes  called  the  shell. 

5.  Vertebrates:   as   Fishes;   Frogs,  Lizards,   Snakes,   Croco- 
diles,   Turtles,    and    other    Reptiles ;    Birds ;    the    Dog,    Cat, 

Fig.  84. 


Vertebrate. 

Pterodactylus  crassirostris  (X 


Horse,  Ox,  Whale,  and  other  Mammals;  animals  having  in- 
ternally, along  the  back,  a  series  of  bones  making  together 
the  vertebral  column.  In  Fig.  84,  representing  one  of  the 
Flying  Reptiles  of  ancient  time,  the  vertebral  column  is  seen 
extending  from  the  head  into  the  tail.  Each  separate  bone 
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of  tin-  column  is  called  from  the  Litim  a  vertcbrn.  Tin 
great  nerve  of  the  bodx,  called  the  >pin;d  cord.  lies  concealed 
in  a  tubular  bon«  <loni_'  tin-  upper  side  of  the 

coliiinii  ;    and    below   t  tin-    rib-    and  tin- 

t-ax n\    tor  the  stomach  and   other    I  Tin-  Mammal* 

those  Vertebrates  that  sue/  young,  as  the  word,  : 

tin-   Latin,  implies.     Thex   are  the   highest  of    \Vn.  hr;,t,  ,. 
include  Man  as  well  as  the  other  animal-  alioxe  meut;< 
Protozoans,    Radiates,    Mollu-k-.    and    Artien. 

together    called     Inr.-fh-l.r.il,-*.    th  / 

Iii  the  tal)le   above   (page  99),  the 

*hc*y  Ag>  '!       ,,ilx, 

are  not  to   br   understood   as   implviiiL'   that    the   -e\eral 

•niinaN    in.  'lit  re    confined    to    the    ap-   named 

them,    l.ut    onl\    that    thex    x\en-    the   hi«rln-xt.   and    th.-refore   ihr 
-  of  the  age. 

'•s    lx»gan     Itefore    the     Silurian     Ai(C    Wa»    qilitf    eoilljileted. 

and  continued  thence  thnmirh  ir«-oloirical  time;  l>ut  until  tin- 
close  of  the  Devoni.ni,  «,r  n..irl\  >..,  they  xvere  the  hitrhev1 

IIMULT  species. 

in   the   Silurian,   until    near    it-   <  lo-e,  there   \\ere  onlv    Inver- 

tehr.itev 

In  the  Age  of   lleptde..   the  da-  ,,f   Iti-ptil,^.   uhich    ; 
m    the   precedmL'  atf"-,   had    larger,    more    nun  ,1    higher 

species  than  before  or  \\sp  was  eminoitlx    the 

Agi1  les,    the   txjx-    haxi  -    maximum    then. 
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Mammals  of  a  low  order,  called  Marsupials,  existed  in  the 
Age  of  Reptiles;  but  in  the  Age  of  Mammals  the  Reptiles 
were  comparatively  few,  and  true  Mammals  were  the  highest 
or  dominant  race. 

Again,  the  Age  of  Coal-plants  was  not  the  only  age  in 
which  coal-plants  lived  and  coal  was  made;  but  that  which 
was  most  remarkable  for  the  making  of  coal-beds,  and  espe- 
cially for  coal-making  plants  of  the  tribe  of  Acrogens,  the 
highest  of  Cryptogams  or  Flowerless  plants,  such  as  Perns, 
Ground-Pines  or  Lycopods,  and  Horse-tails  or  Equiseta,  which 
then  grew  to  the  size  of  tall  shrubbery  and  forest-trees.  In 
later  ages  also  coal-beds  were  made,  but  of  less  extent,  and 
mainly  out  of  other  kinds  of  plants.  The  Carboniferous  age 
is  often  called  the  Age  of  Acrogens. 

Thus  the  Ages  are  named  after  the  tribes  of  each,  that  were 
highest  in  grade,  or  those  that  were  most  characteristic. 

During  an  age  changes  of  level,  or  catastrophes  of  some 
other  kind,  have  at  intervals  produced  extensive  exterminations 
of  species  over  a  continental  sea,  and  also  abrupt  changes  in 
the  kinds  of  rock-deposits  in  progress,  if  not  also  upturnings 
of  strata.  Each  age  in  the  geological  history  of  any  continent 
has  consequently  its  natural  subdivisions,  which  are  called  pe- 
riods. 

The  following  table  gives  a  general  view  of  the  successive 
ages,  with  some  of  the  subdivisions  that  have  been  adopted, 
the  first  in  time  being  at  the  bottom. 
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:IN    thr\  ,    t<.    M.W.     The    marking    iinlicatinir 

the    ap«'    <'f    tllf     rurk-    <•!'    j||i-     M-\rr;il    ;iHM-    .l!T    r  \  plai  lie.  I     (Ml     tlir 

The    Mark    arra>   an-    tin-    Lrr.-.it  .  flu-    fniiti- 

'I'lir      Mirtl«ii|x    1,-t't     in     \\lillr     arc     fllior    till'    atfr    of    \\lllcll 
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I.  — Archaean  Time. 

Tin.  tiM   condition  of  the  earth  about   which  geology  gives 
it!i\    him     i-   that    of   a    lit  pud   globe,   like   the    MUI.      Tin-   earth 
has  the  form  of  a   sphere   flattened    at    tin-    poles,  and  as  the 
amount   of  flattening  is  closely  that  which  >uch  a   liijunl  irlobe 
would    take    as    a    consequence  of    its    revolution,    tin 
thought    to    l)c    evidence   of  an    original    lii|iiid    state.     ()tlicr 
evidence    i>    found    in    the    crystalline    character    of    the    Q 
rocks;    in    the    fact    that     man\     -phen-    in    -pace,    like    the    MUI, 
are  still    m   a   li(|ind   state;  and   in   the  condition  of  the   in 
which    is    like   such   a   globe    cooled    until    it-    mrfbofl    i-    all 
craters  and  scoria. 

\dmittinir    that    the    earth    has   cooled    from    fii-ion,   - 

d    in   eoneludmir   that,    whenever   the    \a|K>rs  began   to 
vetile    ova    the    solidified    but    still    hot    cruM,   there    to    D 
OOeans,  the    rocks   e\jM»sed    to    the   heated  and  acid   water-   would 
ha\e    ln-en   e\.-r\where  eroded    by    the    chemical   action   of   thi>e 

:.d    bv   tin-    mean-    the\    would    ha\e  be.-n  co\. -red 
a  while   with    new    rocks.      And   Dm   th"-«-   re-rioii-   where   i 

-•rtfi-d   or  Mil.merLrcd    rock-    within    n-aeh   of  ti 
the  the    waves    in     making    .irravel,    sand,    and     mud 

would    ha\e    hem    added    to    that    of  the   chemical    action. 

iich    meal  '     the    co,,|rd    cril-l     would 

nearl\     or    entire:  .l.-d    b\     new    d-  ji..- 
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and  it  is  questioned  whether  any  part  of  it  is  now  exposed 
to  view.  The  rocks  made  out  of  that  crust  — not  those  of 
the  original  crust  itself  —  are  therefore  the  Archaean  rocks 
of  geology. 

I.    Distribution. 

The  Archaean  rocks  of  North  America  cover  a  large  sur- 
face over  the  northern  portion  of  the  continent,  and  also  some 
narrow  areas  elsewhere  along  the  courses  of  existing  moun- 
tains. In  the  accompanying  map  (Eig.  86)  the  white  areas 
are  the  regions  of  exposed  Archaean  rocks.  The  largest  ex- 
tends from  Lake  Superior  northwest  to  the  Arctic  seas  and 
northeast  to  Labrador.  It  has  the  shape  of  the  letter  V,  and 
Hudson's  Bay  is  included  within  the  arms  of  the  V.  A 
peninsula  from  it  extends  down  into  Northern  New  York, 
including  there  the  region  of  the  Adirondacks.  Other  Ar- 
chaean ranges  are  the  Highlands  of  New  Jersey,  portions  of 
the  Blue  Eidge  of  Pennsylvania,  Virginia,  and  the  region 
farther  southwest  (and  including  the  Black  Hills  of  North 
Carolina)  ;  small  areas  in  New  England,  and  one  or  more  on 
the  Atlantic  border  south  of  New  York;  a  large  area  south 
of  Lake  Superior ;  and  the  crest  range  of  the  Eocky  Moun- 
tain region,  including  the  Wind-Eiver  Mountains  and  the 
eastern  range  in  Colorado. 

The  arms  of  the  great  V,  or  original  nucleus  of  the  conti- 
nent, are  parallel  respectively  to  the  Atlantic  and  Pacific  coast 
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Hues;  thr  <»tht-r  narrower  areas  follow  tin-  «.ur-r>  <»f  the  great 
mountain  Hum*,  and  an-  parallel  to  tile  same  lines.  Geology 
thus  afford*  a  driiinn-tratioii  that  .\.n  in  \rcha-an  turn-  tin- 
great  outlines  of  tin-  continent  \\i-n  drtim-d,  and  that  all  fn- 
turr  |)rogress  was  rarn.-d  forward  l»v  >\«.rkiiiir  «u»  the  plan 


UK.  ^>. 
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«lH\     laid     diiun.       Thr  Mr    nuiliiiriit      \\a<     undrr 

water   fand   jM-rlisps  also  .1   t<.  . 

Illlt     It     |>rnl,;d.l\      1.,  Lrrv.lt     ,|,.j»th. 

An-hwui  area."  «-\i-f  il  -  .  K..h,-inia. 
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and  some  other  regions.  The  facts  prove  that  in  Archaean 
time  the  ocean  and  continents  were,  in  the  main,  already 
outlined.  "The  waters"  of  the  world  had  been  "gathered 
into  one  place,"  and  "  the  dry  land "  had  "  appeared." 

2.    Rocks. 

The  Archaean  rocks  comprise  gneiss  and  granite,  syenyte, 
syenytic  gneiss,  and  other  hornblende  rocks,  with  chloride 
rocks,  quartzyte,  limestone,  and  other  kinds. 

They  include  immense  beds  of  iron  ore,  some  of  them  100 
to  200  feet  in  thickness,,  vastly  exceeding  any  in  later  times; 
for    the    Arclwan    was    the    iron    age    in    the    earth's    history. 
These    beds   of   ore    occur   in   Northern   New    York,  Southern 
New  York  and   Northern  New  Jersey,  Canada,  the   Marquette 
region  south  of  Lake   Superior,  in  Missouri,  where  there  are 
what   are   called   iron    mountains,   and    in    many    other    places. 
The  beds  of  ore  (i,  Tig.  87)  alternate  with 
beds  of   quart/yte   and   crystalline  schists 
or  slates,  and  lie  between  beds  of  gneiss 
and  hornblendic  gneiss,  or  other  rocks  of 
the  era,  as  illustrated  in  the  annexed  cut       Beds  of  iron  ore  <"•  EE8ex 

County,  New  York. 

representing   a   section   in  Essex  County, 

New    York.     Hornblende   contains  much  iron,  and  this  is  llie 

reason  why  it  is  so  common  a  constituent  of  Arcluran  rocks. 

The    rocks    were    originally    sedimentary    deposits;    for    the 

gneiss,  quartzyte,  and   schists    are,  as   explained   on    page   71, 


110  HISTORICAL  GEOLOM 

altered  or  metamorphic  sedimentary  rocks.  They  were  origi- 
nally deposits  of  gravel,  sand,  and  mud  made  by  the  ocean. 

The  stratification  in  tin-  gneiss  and  other  rocks  is  the 

Gratification  of  tin-  fniirim-ntal  beds. 

Like  other  sedimentary  deposits  the  rocks  were  laid  down  in 
hon/ontal  beds,     Hut  they  are  now  upturned  at  all  angles,  and 

often  folded,  xlniMuii:  therein  tliat,  >ul>-ei|iient  to  their  depo-i- 
ti«»n.  they  underwent  the  irn-at  diMnrliaiice-  that  attend  inoiin- 
tain-inaking.  Pig.  88  shows  tin-  ireneral  condition  of  the  rocks 

UK.  sv 


in  the   Archaean  regions  of  Canad  \rdia-an   mountain^, 

including'  the  Adirondack-,  the  NY  <  !  I  iirhland>,  the  nionn- 

.nid  others,  \vere  thm   made,  if  nut    in  part 
earlier.      T  i    height   of  these   nimiiitainx   ma\    ha\. 

-  of  feet  greater  than  it  i-  no\\.  fur  all  tin-  earth'- 

aireliclo    of    dexlrilctiiill    lia\e    he.  II   eliLMLfed    111   the   \\(.rk    of    le\el- 

ling  them,  e\.-r  -nice  that   tir-t   of  tii< 

\rrluean  rot-ks  much  n-semlde  the  cr\ M.dhn.-  n.ekx  «,f 
mil    as    lioth    are    uithont    fossils,  thr\   ina\    IM;  easily 

The    ncenrrrnce    c,f  |M.,U    ,,f  iron   ore  scor  t    thick    is 

•»iie    mean-  of  di-tn,  areas   of  Archa-an   aire.       I 
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often  contains  some  titanium,  and  this  is  not  common  in  iron 
ores  of  later  date.  Coarse  syenitic  rocks  and  labradorite  rocks 
are  characteristic  of  many  Archaean  regions,  if  not  exclusively 
Archaean. 

Sure  evidence  of  Archaean  age  is  obtained  when  fossiliferous 
beds  of  the  lowest  Silurian  are  observed  overlying  unconform- 
ably  upturned  crystalline  rocks,  as  in  Fig.  89.  Here  the  nearly 


Section  from  south  side  of  the  St.  Lawrence,  Canada,  between  Cascade  Point  and  St.  Louis  Rapids, 
i,  Gneiss ;  2,  Potsdam  sandstone. 

horizontal  Silurian  beds  referred  to,  No.  2  and  those  above, 
were  laid  down  after  the  beds  below  were  made,  and  also 
after  their  upturning;  and  consequently  the  evidence  that  the 
latter  belong  to  anterior  time  is  unquestionable. 

3.  Life. 

The  earlier  part  of  Archaean  time  was  necessarily  without 
life ;  for  until  the  rocks  and '  seas  had  cooled  down  to  the 
temperature  of  boiling  water,  life  was  hardly  possible.  Plants 
of  the  lowest  orders  can  bear  a  higher  temperature  than  the 
lowest  of  animals,  and  were  probably  the  first  living  species. 

Although  the  evidence  is  not  conclusive  that  either  plants 
or  animals  were  living  in  the  Archaean  seas,  —  since  if  fossils 
once  were  present  in  the  rocks,  they  have  been  obliterated  by 
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the  crystalh/ation  of  tin-  beds,  —  tin-  «  then  <>f  the  *im- 

plest    kind-   i-   thought  to  be  highly  prol»  s  -me  of  tin- 

beds  contain  great    <|iiantitie-  ,,f   ,/  «    ln.il.ri.il   ut'   which 

lead-pencils  art-  made.     Now  (1)  graphite  is  nothing  but  ear- 
bon   (page  9),  the  essential  principle  of  mineral  coal,  and     ^ 
mineral   coal   was   forinc.l    ln.ni    plant-;    mo,eo\er     :J     iiiiniT.il 
coal  has  Ixrn  found  in  crystalline  rock-  d  into  gniphili-. 

evidence    favoring   the    probable    existence  of 
plant-;   and    if  of  ,m\ .   OJ     3  HIHT   the    LO\\«T   Silurian 

ha-  all'..nle«l  n-lies  .,f  in,  plants  but  S-a-\\ce«ls.  Alunir  wiih 
true  >  re  |>rolubl\  hi, if, HUM,  as  these  minute 

*      the    -ilii|i|r-t     of    water-plants. 

The  OOCQJ  ifl  also  thouirht   t<. 

the  idea  of  the  presence  of  plants  «.r  ammaU,  -nice  the  lime- 
stones of  the  world  an-  almost  all  of  orirume  <>nirin.  Ma— es 
som.-what  coral-like  in  texture  ha\e  been  described  M  f.—iU. 
under  the  n. HI:.  rnm  the  (in-ck  lor  <l.n< 

•he  -roup  of   |{hi/np"d-  '       hut 

H     d.Mlbl      a^     lu     their     belllLf     t  Hie     t'o-- 

•   pod-    are    the    simplest 

animal  life,  and  the  kind  most  likely  to  ha\e  b.tn  a— ociated 
with  Ih.f  I  the  sea-bcpttolll. 

:i.--i    plant.    In.wexer   minute,    \\.i-    created, 

a    new    prineiple        that    of  lif« was   introdiired,  which   should 

subordinate    pli  M    to    it-    use-.       I'roL'iv—    :• 

of   lift  then-after   the    -in  interest    in    the 

world's    hi-tor\. 
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II.  -Paleozoic  Time. 
I.  Silurian  Age,  or  Age  of  Invertebrates. 

THE  term  Silurian  comes  from  a  region  in  Wales  where  the 
rocks  occur,  and  which  was  formerly  occupied  by  a  tribe  of 
ancient  Britons  called  the  Silures.  The  age  is  divided  into 
the  era  of  the  Lower  Silurian  and  that  of  the  Upper  Silurian. 

Fig.  UO. 


Archaean  Map  of  North  America. 

The  map  of  the  Archaean  dry  land,  here  repeated,  shows  to 
the  eye  the  part  of  the  North  American  continent  over  which 
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Kl«.  01. 


j 


A  to  LoMltM.  B.  LHvfpool.  C.  MMdta 

im-ht   have  been  spread  «»ut  :   for 
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the  beds  are  all  marine,  and  must  have  been  made  in  the  part 
covered  with  water,  —  the  shaded  part  in  the  map.  The  cir- 
cumstances were  in  the  main  similar  on  the  other  continents. 
In  Europe  (Great  Britain  included)  the  Archaean  dry  land  lay 
mostly  to  the  northwest,  and  the  larger  part  of  the  rest  of  the 
continent  was  receiving  marine  deposits. 

The  areas  in  North  America,  east  of  the  Rocky  Mountain 
region,  and  over  which  Silurian  rocks  are  exposed  to  view, 
are  those  which  are  lined  horizontally  in  the  map  on  page  105. 
The  Silurian  regions  in  England  are  distinguished  in  the  same 
\v;iy  on  the  accompanying  map  (Fig  91)  ;  they  are  confined  to 
Western  England  and  Wales. 

1.    Lower  Silurian. 
1.  Rocks. 

The  rocks  of  the  Lower  Silurian  era  are  mainly  sandstones, 
shales,  conglomerates,  and  limestones. 

The  same  is  true  for  all  succeeding  eras  in  geological  his- 
tory; for  sand-beds  (the  source  of  sandstones),  mud-beds  (the 
source  of  shales  and  argillaceous  sandstones),  and  limestones 
have  been  always  in  progress  from  this  time  onward  in  some 
part  of  each  continental  region.  Moreover,  sand-beds  have 
never  been  forming  in  any  region  without  the  making  of  mud- 
beds  in  the  waters  not  far  distant,  just  as  now  happens  along 
sea-shore  regions ;  for  the  grinding  which  produces  the  former 
produces  also  the  latter.  Nevertheless,  the  continental  areas 
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-  md-U-d-.    mud-beds,    and    lime-t,>n<>    u.  re    IOOU- 
mulatinu'   hav-  u'reath    through    tin-    >ueee*si\e    jx-riods, 

mi  ing  to  vari:iii«»u>  in  le\el  and  other  CMMtj  and  at  time* 
tin-  larirer  part  of  tin-  continental  sea  has  been  triven  uj)  in 

lime-toiie-m.ikmi:. 

Tin-  following  i*  the  succession  of  Lower  Silurian  rock-  in 
North  America. 

I.    In    the    early    part    of    tin-    era,    called    tin-    Primordial 

(meaning  thr  Jirxt  in  nnlrr),  sand-txMU       im\\  <allr,l  tin-   |'..t>- 

dain   sand>t(.i;  ,   locality  in   Northern   New    ^  ork  —  were 

i   M\,  r  wide  areas  in  North  America,  and  especial  1\ 

about  the  -hon-x  of  the    \rcha-an  dr\   land  ;   hut  >hale>  and  linir- 

fir    places    moiv    or    le-x    iviiiol.-    frulll 

•    i-arliexi    Silurian  .1    -hale-    ha\e  the   la\er> 

-oiiietiim-  marked  \Mth  ripples,  or  with  innd-enck-.  or  with 
the  track-  '•('  the  aniinaN  of  the  mi;  and  the\  thn-  vl,,,\v  that 
the)  made  in  deep  \\at.  r.  but.  in-trad,  that  tin  \ 

••ither  the  sea-beaches  or  the  otr.-h..rr  sind-llat-  or  imid-dc|>osit8 
of  the  era  ;   and  that  part   of  ih.-  tune  they  were  above  the  \\ 
le\i  I,  e\po-i  d   to  the   drxiiiLT  air  or   -im.  f-.r   ..iil\   thn-  eaii   innd- 
crocks  IM-   made. 

•M    advanced,    hme-i  Inne- 

-toll.-,    |||;,||ll\        ,,|     .jriMf     .  Alrlit      U.T.       fortlied     Ota      I  he     P  L'P -II     of 

the  Mi-i--ippi  \alle\.  or  the  Interior  region  of  the  continent, 
ulule  saoditon*^  and  -hal.  -  with  but  little  ; 
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cumulating  in  the  area  —  then  a  shallow  sea  —  now  occupied 
by  the  Appalachian  Mountains. 

3.  Next  a  limestone  —  the  Trenton  limestone  —  was  in  pro- 
gress over  both  the  Appalachian  region  from  the  Green  Moun- 
tains to  Alabama  and  the  Interior  region,  and  also  far  west  and 
north,  —  the  most  extensive  limestone  formation  in  the  world's 
history.     The  limestone  was  named  from  Trenton  Falls,  on  West 
Canada  Creek,  near  Utica,  New  York,  where  the  gorge  is  cut 
through  it.     It  includes  the  Galena  or  lead-bearing  limestone 
of  Illinois  and  Wisconsin. 

4.  Finally,    limestone-making    was    again    confined    almost 
wholly  to  the  Interior   region,  and   the  Appalachian   area,  in- 
cluding New  York  and   the  Green  Mountains   on   the  north, 
was   receiving   fragmental  deposits   for  sandstones,  shales,  and 
-conglomerates. 

In  Great  Britain  there  are,  first,  slates  and  sandstones  of  great 
thickness  in  the  Longmynd  and  Wales,  overlaid  by  the  "  Lingnln 
flags  "  (the  equivalent  of  the  Potsdam  sandstone)  ;  above  these, 
other  slates  and  flags  (laminated  sandstones),  with  some  layers 
of  limestone,  including  the  Llandeilo  flags,  the  Bala  beds,  and 
the  Lower  Llandovery  in  South  Wales,  —  all  making  one  con- 
formable series. 

2.  Life. 

The  seas  abounded  in  life,  but  no  trace  of  anything  terres- 
trial has  yet  been  found. 

The  plants  found  are  all  sea-weeds.     One  of  the   specimens 
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is  represented  in  Pig.  9£.  Some  thin  (lr|M»it»  of  coal  occur 
in  one  of  the  formations,  which  are  supposed  to  have  come 
from  buried  sea-weeds,  or  else  from  animal  material. 

The  animals  are  all  Invertebrate* ;  in  other  words,  no 
of  a  Vertebrate,  not  even  of  the  lowest  of  Fishes,  has  yet  been 
discovered   among   the   annual    n-lics.     Hut    all   thr   four   >uh- 
kingdoms  of  Invertebrates  are  represented,  —  the  Protozoan, 
the  Radiate,  the  Molluscan,  and  the  Articulate. 

Ptf*.  W,  tt. 

93 


I  ..-    7-'. 


Protowant,  —  Among  Protozoans  there  were  Rhizopods  and 
Sponges.     One  of  the  Sponges  is  represented  halt  thr  natural 

'    93  a,  and   a   tran-vrr>r   section   of  it,  n. 
-.  93  b.     The  irregular  rrllular  strurtun>.  with  thr  absence 
of  rod  i. it  m<:  plates,  is  evidence  that  a  coral. 

Radiates.  —  Tin-  Radiatr*  include  Corals,  Crim.ids.  and  Star- 

w  of  one  of  thr  conical  corals  of 

the  Trenton  limestone;  tin-  top  is  a  cup,  radiated  with  plates, 
somewhat   '        :         \~>,  page  29.     Whrn  lixintr,  thr  lluwr-likr 
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animal  had  no  doubt  its  beautiful  colors,,  like  those  of  modem 
time,  and  its  aspect  may  be  quite  well  represented  by  Fig.  16, 
page  30. 


Polyp-Corals. 

Fig.  94,  Petraia  corniculum  ;  95,  Columnaria  alveolata  ;  95  a,  top  view  of  same. 

Another  coral,  honeycomb-like  in  its  columnar  structure,  is 
represented  in  Fig.  95.  Tlie  cells  are  radiated,  as  shown  in 
Fig.  95 ;  but  in  a  vertical  section  (as  seen  in  such  a  section  of 
one  of  the  cells  in  Fig.  95  a)  the  cells  are  crossed  by  horizon- 
tal partitions.  The  coral  has  been  found  in  masses  several 
feet  in  diameter. 

Figs.  96  -  99  represent  some  of  the  Crinoids  and  Star-fishes. 
Fig.  97  shows  one  of  the  Crinoids  of  the  Trenton  limestone, 
though  not  quite  a  perfect  one,  as  the  arms  are  broken  off  at 
the  tips,  and  the  stem  below  (by  which  it  was  attached  to  the 
rock  of  the  sea-bottom,  and  which  may  have  been  three  or  four 
inches  long)  is  mostly  wanting.  The  name  Crinoid  means  lily- 
like  ;  but  the  petals  or  rays  of  the  flower-like  animal  consist 
of  small  pieces  of  limestone  (the  secretion  of  the  animal)  fitting 
well  together.  Fig.  96  shows  the  form  of  another  kind  of 
Crinoid,  —  one  of  very  irregular  shape;  its  stem  when  living 
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was  run  down  into  the  mud  of  the  sea-bottom,  instead  ot 
attached  to  a  rock.     Figs.  98,  99  are  two  of  the  Star-fishes  of 
the  ancient  seas,  related  to  the  modern  Ophiuraus. 

Flf».  M-99. 


fit.  100. 


MoUnski*  —  The    Mollusks   were   of    various    kinds,   all    tin- 
prinripal  grand  division*  of  the  class  having  been   n-pr 

Far  thr  most  abundant  wm-  what  an-  called  Iir,i<-/ii- 
Opods,  a  group  that  ha-  romparatm-lv  !rw  kind- 
in  modern  seas.  One  of  tin-  rarlir-t  Hradiio|M)(U 
fn.m  tin-  Potsdam  -an(Nt..nr  had  a  slirll  not  larir«T 
than  a  finir'-r-nad  ;  •  1  iun-ii  of  it  i-  n-p- 

.:     lint.      It     is    rall.-d    .,    /          l,i    (or 
from   the   Lit  in  ilu-ion    to 

hap«'    of  ri,-x.       \     n-latrd    -]*•<• 

ill    th«-    /,  Britain.       \Vhrn    living 


found 
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it  was  fixed  to  the  sea-bottom  by  a  fleshy  stem  proceeding 
downward  from  the  pointed  end  or  beak  of  the  shell,  and 
passing  into  the  mud  or  sand;  and  as  the  shells  are  often  in 
great  numbers  together,  they  must  have  grown  thickly  over 
the  sandy  or  muddy  surface. 

Other  common  Brachiopods  from  the  Trenton  limestone  are 
represented  in  Figs.   101  to  104. 

Figs.  101-104. 


Fig.  105. 


Brachiopods. 
Fig.  xox,  Leptnena  sericea  ;  102,  Orthis  occidentalis  ;  103,  O.  lynx ;  104,  O.  testudinaria. 

The  shells  have  two  valves  like  those  of  a  clam  or  oyster; 
but  they  are  unlike  common  Bivalves  in  their  symmetrical 
form ;  a  line  let  fall  from  the  beak  divides 
them  into  equal  halves,  whereas  in  a  Clam, 
as  shown  in  Fig.  105,  such  a  line  divides 
the  shell  very  unequally.  Moreover,  the 
mouth  in  a  Brachiopod  is  at  the  middle 
of  the  shell,  whereas  in  common  Bivalves  it  is  toward  one 
end  (near  a,  in  Fig.  105)  ;  and  further,  one  valve  is  the 
upper  and  the  other  the  lower,  while  in  a  Clam,  and  related 
kinds,  one  is  the  right  and  the  other  the  left.  Thus  the 
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animal   in  this  ancient  group  called   Brachiopods  has  a  posi- 
tion in  its  shell  just  transverse  to  that  of  a  Clam.     The  ani- 
mal is  also  peculiar  in  having  two  spiral  fringed  arm-,  ami  to 
10§  i  hi-    the  name,  from  the  Greek  for  arm-foot, 

alludes.  Fig.  106  shows  these  arms  in  a 
modem  species;  one  of  the  pair  is  roll«l  up 
spirally  in  its  ordinary  position,  while  the 
other  is  thrown  out.  The  animal  has  no 
gills  or  branchiae.  The  Trenton  lune>tone 
was  made  largely  of  the  shells  of  Bracluo- 
pods,  Crinoids  and  Corals  having  contributed 
little  toward  n. 

Tin-  Ham  and  Oyster  and  other  ordinary  Bivalves  have  a 
thin  fold  of  tin-  skin  lying  like  a  mantle  over  the  body 
against  the  shell  ;  thru,  inside  of  the  mantle  and  either 

the  body,  thin  leaf-like  gills  or  branchiae;  and  then  the 
body  with  no  arm-like  apjxMidaijes.  In  allusion  to  the  thin 
lamellar  branch i*r,  they  are  called  Lamcllibranch*.  Then- 
some  Lamellibr.tm-h*  in  the  Lower  Silurian,  but  the\  were 
few  compared  with  the  Brachiopods.  Fig.  107  represents  one 
<»f  thriii.  related  to  the  Mu--e|  of  modern  sra--hore-. 

There   were   also   some    ^jiir.il    »helK    two    of   them    of    the 
MS   shown   in   Figs.  108,  109.     '\\v\    belon-   to   the  tribe 
of   Gatttropod*,  so  called  because   th<    .unmil   crawli   on 

ml   Hirface.      Tin-    ordin;ir\     -junil    marine    -helU.  ;md    also 
the  common   snail,   are  of  tin*   tribe.      The  snail    may    be   often 
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Fig.  107,  Avicula  Trentonensis  ;   108,  Murchisonia  bicincta ; 
109,  Pleurotomana  lenticularis. 


seen    crawling    thus   with    its    shell    over    its    back ;    and    the 
marine   species   when  living,  if  put  into  a  jar  of  salt  water, 
will    soon    be    found   in 
motion  over  the  glass. 

There  were  also  many 
species  of  the  highest  di- 
vision    of    Mollusks,  - 
those  related  to  the  Nau- 
tilus, and  called    Ceplial- 
opods,  because  the  animal 
has    the    head    furnished 
with  stout  arms  for  cling- 
ing; from  the  Greek  for  head  wAfeet.     A  modern  Nautilus, 
with  the  animal  in  its  shell,  is  represented  in  Fig.   110.     The 

shell  has  transverse  partitions,  or 
is  chambered,  and  in  this  differs 
from  the  shell  of  the  Snail  and 
all  Gasteropods.  The  animal  oc- 
cupies the  large  outer  chamber, 
and  is  peculiar  in  having  large 
eyes  like  a  fish,  and  a  series 
of  stout  arms  around  the  mouth 
provided  with  suckers  for  cling- 
A  different  kind  of  Cephalopod,  from  modern  seas,  is 


Fig.  110. 


Modern  Cephalopod. 

Nautilus  (X  J4). 


ing- 


represented   in   Fig.  Ill,  —  a  kind   having   no   external  shell, 
but   instead    a    thin    internal    bone    (Fig.    Ill  p),   but    with 
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large  eyes   and   a   series   of   arms   around   the    mouth,   as  in 
MM      Nautilus.       Ill    the    Lower    Silurian    ett    then     \\.-n     ip* 

of   Nautili^,  but   (juite  different   ones  from  tho^-  of   later 

Flf.  111. 


The  rilinMij  or  S^M.  Lol«o  vufcmri*  I  length  of  body.  6  to  it  toclm):  i.  the  feet  by  which  the  h*  t» 


tinir.      Hut    tin-   earliest    Silurian   spc<  •  •  |)h.il<.jM»(ls  and 

tin-  larjjrst  had  straight  >Jn-lU,  like  that  of  a  Nautilu-  Mniiirht- 
riird    "lit.        u  In-nee    tin-   nain-  inranini: 

1    '  '  I    'VHtoll    lillM 

11^;     it    has    partitions    like   tin     >hrll    of  the   Nautilus. 


Kir.   ll-J 


Ctph*lopod 


Iii    l.oth    t  lus    and   the  Orthorera*  a  tnln     railed   thr 

.iij,/iuni-lf.    Tnea:  •   .111    the    outer   chaffl- 

Ix-r    through    the    partition*   and    all    the    elmmhers  ;     and    tin- 
hoi*    in   one   of    the    partition*    i>   *ho\\n   in    Fur.    11^  <i.      Some 


LOWER  SILURIAN. 


125 


Figs.  113,  114. 

Ml 


of  the  shells  of  species  of  Orthoceras  from  the  Trenton  lime- 
stone are  as  large  round  as  a  Hour-barrel,  and  must  have  been 
from  twelve  to  fifteen  feet  long. 

Another  kind  of  Mollusk,  of  quite  minute  size,  makes  cor- 
als. The  animals  look  like  polyps  externally,  as  shown  in 
Fig.  11. 3,  which  represents  them  enlarged,  projecting  out  of 
their  cells.  Fig.  114  is 
a  view  of  one  of  the  deli- 
cate Lower  Silurian  cor- 
als, and  the  dots  show 
the  positions  of  the  little 
cells  of  the  animal.  The 

species  are  called  Bryo-  Fig  ii3  Eschara  ^owl~*^^tM  out  of  tht,r  cclls 
zoitHSj  meaning  moss-ani- 
iiiulx,  the  name  alluding 
to  the  corals,  which  are  sometimes  moss-like  in  delicacy  and 
form.  Although  so  small,  these  corals  are  a  prominent  con- 
stituent of  some  of  the  Silurian  limestones. 

Articulates.  —  The  Lower  Silurian  Articulates  that  have  been 
made  out  are  either  Worms  or  Crustaceans ;  no  Insects  or  Spi- 
ders having  been  present,  since  these  are  terrestrial  species. 
The  most  remarkable  of  the  Crustaceans,  and  the  highest  spe- 
cies of  the  world  at  the  commencement  of  Lower  Silurian  time, 
and  later  in  this  era  second  only  to  the  Orthocerata,  were  the 
Trilobites,  —  so  named  because  the  body  has  t/tw  lobes  or 
divisions  longitudinally,  as  shown  in  Figs.  115  to  117.  One 


Bryozoans 


( X  8) ;  113  a,  one  of  the  animals  removed  from  its  cell  more  en- 
larged ;  114,  Ptilodictya  fenestrata,  a  Lower  Silurian  species, 
natural  size  ;  114  a,  portion  of  surface  of  same  enlarged. 
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of  the  very  earliest  species  is  represented  in  Fig.  llii;  it  was 
a  gigantic  species,  the  figure  being  only  one  third  the  natural 
length.  It  has  some  resemblance  to  a  lobster,  and  yet  is  very 
different.  The  position  of  the  large  eyes  is  apparent  on  tln- 


P%.  115.  f 


H)t  it*. 

,  •>!   ;   H|  :. 


head   sWlrl.      Two   otlicr  syx-ri^.   from   the  Trent. m,   nrr 

in  Fitrs.  llfi.  117.  The  l.itr.-r  i<  shown  fuldrd  tip  in 
Pig.  118,  a  common  condition  of  the  sjxviincns.  The  forms 
of  three  modern  species  of  Crustacean^  h.iving  some  resem- 
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blance  to  the  ancient  Trilobites  are  shown  in  Figs.  119  to  122. 
Figs.  121,  122  are  female  and  male  of  the  same  species.  But 
the  Trilobites  differed  from 

Figs.  119- 122.     12I          IM 

all  these  in  having  had  no 

„, 

true  legs.  Ihey  are  supposed 
to  have  had  only  thin  fleshy 
plates,  for  swimming. 

The    earliest    life    of    the 

Modern  Crustaceans. 

Lower    Silurian    was    made  Fig.  II9>  a species of  Serolis(x  w.  I20,  species of  Porce, 

„         f,    •         •!  lio;  I2i,  122,  female  and  male  of  Sapphirina  iris. 

up      largely      01     Crinoids, 

Brachiopods,  Worms,  and  Trilobites.  It  was  almost  all  sta- 
tionary life;  that  is,  the  most  of  the  species  were  attached  to 
the  sea-bottom  by  stems.  Such  were  all  the  Crinoids  and 
Brachiopods.  Trilobites  swam  free ;  but,  having  only  swim- 
ming legs,  they  probably  often  attached  themselves  to  the  rocks, 
like  the  shells  called  Limpets.  Afterward  there  were  Mussel- 
like  shells  and  corals,  which  were  also  attached  species,  —  Mus- 
sels living  attached  to  rocks  by  a  byssus  or  horny  threads. 
Besides  these  there  were  the  locomotive  species,  Gasteropods 
and  Orthocerata;  the  latter  may  have  given  much  activity  to 
the  seas,  for  Cephalopods  are  not  snail-like  in  pace,  like  all 
Gasteropods,  but  fleet  movers,  like  fishes.  Yet  these  ancient 
species,  with  their  long  unwieldy  shells,  must  have  been  slow 
compared  with  the  Cephalopods  of  later  time. 

The  life  of  the  Lower  Silurian  changed  much  in  species  dur- 
ing its  progress.     The  era  has  been  divided  into  three  periods : 
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no  animals  of  the  earlier  part  of  the  first  of  these  periods  — 
the  Primordial  —  existed  in  the  second,  and  none  of  the 
••arlier  part  of  the  second  existed  in  the  third.  Moreover, 
species  were  disappearing  and  others  appearing  through  each 
of  the  successive  periods. 

3.   Mountain-making. 

The  close  of  the  Lower  Silurian  was  a  time  of  upturning 
and  mountain-making  in  North  America,  Great  Britai 
Kurope.  TTie  Green  Mountains,  from  Canada  to  southern  Con- 
necticut, and  perhaps  other  heights  to  the  southwest,  were 
thru  made.  The  rocks  —  which  include  a  great  limestone  for- 
mat inn  (the  upper  part  of  which  is  referred  to  the  Trenton, 
ami  also  various  fragmental  rocks  overlvmi:  the  1 

>lded  and  cr\  *talli/ed  by  the  heat  produced  by  the  dis- 
turbance added  to  that  from  the  earth's  depths,  and  were  thus 
changed  at  the  time  to  metamorphie  rooks:  the  to^ilitermis 
limestone,  to  white  and  clouded  crystalline  or  architectural  mar 
ble,  —  of  which  Canaan  in  Coimeetieut.  Ix»e  in  Massachu*eti*. 

inland   in   Vermont  afford   noted  example*;   the  rjuan/o*,- 
*and-beds,  to  quartzyte;   the  mud-beds,  to  gneiss,  mica 

•h«T  crystalline  rocks. 

In  (Jreat  Britain  the  Lower  Silurian  formation*,  which  arc 
throughout  conformable,  are  upturned  so  as  to  lie  uneonform- 
ably  beneath  the  beds  of  the  n,-\t  era.  -the  1'pjxT  Silurian. 
The  elevation  of  the  \Ve*tm..relan«l  Hill*,  of  the  mountain*  in 
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North  Wales,  and  of  the  range  of  Southern  Scotland  from  St. 
Abb's  Head,  on  the  east  coast,  to  the  Mull  of  Galloway,  has 
been  referred  to  this  era. 

The  maximum  thickness  of  the  Lower  Silurian  rocks  of 
Britain  has  been  stated  to  be  over  40,000  feet.  In  the  Green 
Mountain  region  it  was  probably  not  less  than  £0,000  feet;  in 
Pennsylvania,  about  11,000  feet;  in  Illinois,  about  800;  in 
Missouri,  nearly  2,200  feet. 

2.   Upper  Silurian  Era. 
1.  Books. 

The  rocks  of  the  Upper  Silurian  also  are  sandstones,  con- 
glomerates, shales,  and  limestones. 

1.  There  was  first  in  progress,  during  what  has  been  called 
the  Niagara  period,  the  formation  which  includes  the  Niagara 
limestone,  —  which,  like  the  Trenton  limestone,  was  one  of  the 
great  limestone  formations  of  ancient  time.  In  Western  New 
York  and  to  the  southwest  along  the  Appalachian  region  — 
still  a  part  of  the  continental  sea  —  the  earlier  beds  forming 
were  a  series  of  sandstone  strata  (the  Medina  sandstone),  some- 
what pebbly  below  and  argillaceous  above;  then  other  argil- 
laceous sandstones,  and  in  them  a  bed  of  red  iron  ore,  with  a 
little  limestone  in  the  upper  part;  then  the  Niagara  shale  and 
limestone,  the  strata  at  Niagara  Falls,  where  the  upper  80  feet 
are  limestone  and  the  lower  80  feet  shale.  To  the  west  of 
New  York,  the  Niagara  shale  formation  is  of  little  extent, 

6*  I 
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while  the  limestone  spreads  very  widely,  reaching  into  Iowa 
and  Tennessee. 

The  layers  of  the  Medina  sandstone  often  have  ripple-marks, 
mud-crack-,  wave-marks,  and  other  evidence  of  mud-Mai  «>r 
sand-flat  origin,  showing  that  Out  ml  and  NY.-Meni  \.-\\  York, 
with  the  region  to  the  southwest,  was  thru  an  area  of  great 
sand-flats  over  an  interior  sea;  but  later  tin-  interior  sea  was 
more  open  and  clearer;  so  that  there  was  less  sediment,  and 
the  life  required  for  making  limestones  flourished. 

In  Great   Britain  the  Wenlock  shale  and  limestone  ft] 
the  age  of   the  Niagara   shale  and   limestone.     They  are   in 
view  between  Aymestry  and  Ludlow,  near    Dudley,  and   eke- 
where.     The  limestone,  like  the  Niagara,  is  full  of  fossils. 

2.  Afterward   the  Salina  formation,  noted   f..r  it>   sal 

Its  clayey  rocks  and  salt  show  that  (Vntr  i  >rk, 

tin  borders  of  Canada  to  the  west,  and  part  of  Michigan  were 
then  tin-  site  of  a  great  salt  basin,  \\hnv  >ra-w.itrr  r\aj).>rat«-d. 
imprciTMatiiii:  the  mud  of  the  shallow  sea  with  salt,  or  making 
deposits  of  rock-salt.  Tin-  bri:  ^  lina  and  that  \icinitv 

in   New    York  are  salt-water  wells,  obtained   1»\    borinir  down 

-aliferous   rock;   and  at   Goderich  in  Canada  then 
a  bed  of  rock-salt   14  to  40  feet   thick.     Other   salt-beam.-: 
rocks  were  made  at  the  sanu    IIIIK    in    Y 

3.  Next  followed  aiiotln-r  1  lorniation   of  1< -s  • 
than   the    \             .  called   the    /,/*;/vr    llrlitfrherfl,  from   the    llel- 
ilerbt-rir    Mnuntain-*   ?*out Invent    of    Albany,    where     •  It 
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extends  southwestward  along  the  Appalachians;  also  through 
parts  of  the  Mississippi  Valley  where  it  rests  directly  on  the 
Niagara  limestone.  It  also  occurs  at  some  points  in  the  Con- 
necticut Valley.  A  sandstone  —  the  Oriskany  sandstone  — 
overlies  it  in  Central  New  York  and  along  the  Appalachian 
region,  and  in  some  places  to  the  west,  from  Ohio  to  Missouri. 
Following  the  Wenlock  group  in  Great  Britain  there  is 
the  Ludlow  group,  consisting  of  sandstones,  shales,  and  the 
Aymestry  limestone,  corresponding  in  age  with  the  later  part 
of  the  American  Upper  Silurian. 

2.  Life. 

1.  Plants.  —  As  in  the  Lower  Silurian,  sea- weeds  were  abun- 
dant; but  before  the  close  of  the  era  there  were  also  terrestrial 
plants.     The  species  were  not  Mosses  of  the  lower  division  of 
Cryptogams,  or  flowerless  plants,  and  not  Grasses,  but  species  of 
the  Ground-Pine  tribe,  or  Lycopods,  —  a  section  of  the  highest 
Cryptogams.     They  are  described  beyond,  in  the  account  of  the 
Devonian  plants.     It  cannot  be   affirmed   that   there   were   no 
Lichens  or  Fungi  over  the   Silurian  rocky  lands,  or  those  of 
earlier  time ;  for  such  terrestrial  species,  if  existing,  would  not 
have  become  fossilized,  since  the  rocks  are  mainly  of  marine  or 
marsh  origin.     But  that  there  were  no  Mosses  may  be  safely 
inferred  from  the  absence  of  all  fossil  Mosses  from  the  rocks 
of  the  following  Devonian  and  Carboniferous  ages. 

2.  Animals.  —  The  animals  included  species  of  all  the  grand 
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divisions  existing  in  the  Lower  Silurian,  Proto/oan*, 
Mollusks,  and   Articulates,  with  the  same  great  preponderance 
of  Brachiopods  among  Mollusks,  and  Trilobites  among  Articu- 
lates.    In  addition,   before   the   close   of   the  era,  there    \\ 
Fi>hc>  in  tlu-  seas,  the  earliest  of  Vertebrates.     No  remain-  oi 
terrestrial  animal  life  have  yet  been  found. 

A  few  figures  of  tin    Invertebrates  are  here  given. 
128,  124  represent  two  of  the  corals  of  the  Niagara  period; 


HI.,  its.m. 


r\t  HI  TiphrMiti  Mtonrito :  nt  tlrijdm 


Fig.  12.'i  rrlatnl  to  tin-  coral  of  tin-  Lower  Silurian,  titrnn-d 
on  pep-  II'.';  l'i-.  1^1.  .1  cord  imlx-dded  in  lim«-stonc.  which 
looks,  in  a  section  of  the  lin  little  like  a  chain,  or  a 

•.trinir   of    link-,    and    \\;\*    hn  -.died    Chain-coral. 

nn    "f  our   of  the    \  '   riiiMid^. 

the   iiion-   coinnioii    Braohiopodi   of   the    N 

.   are    reju-.  I  W< 
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Figs.  126-128. 
128 


BrachiopodB. 

Fig.  126,  Strophomena  rhomboidalis  ;  127,  side-view  of  Spirifer  Niagarensis  ;  128,  Orthis  bilobus  ;  128  a, 
enlarged  view  of  same. 

The  following  are  figures  of  two  of  the  larger  Trilobites. 
Uoth  figures  are  reduced  views,  Fig.  129  being  but  one  third 
the  natural  length,  and  Fig.  130  one  fourth. 

Figs.  129,  130. 


Triloblt*.. 

Fig.  129,  Lichas  Boltoni  (X  ^);  130,  Homalonotus  delphinocephalus  ( X  tf). 

The  fishes  were  related  to  the  modern  Sharks  and  Gars. 
Descriptions  of  the  kinds  are  given  under  the  Devonian,  the 
specimens  of  Devonian  rocks  being  more  perfect  and  afford- 
ing better  illustrations  of  the  subject. 
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3.    Observations  on  the  Silurian  Age. 

1.  The  distribution  of  tin  emerged  lands  of  North  America 
at  the  close  of  Archaean  time  led  us  to  the  c..ncl',*ion  (page 
108)  that  the  continent  was  then  already  defined  in  area,  and 
its  plan  of  future  progress  made  manifest.  The  facts  respect- 
ing the  Silurian  rocks  sustain  this  view,  and  show  how  the 
work  of  completing  the  continent  went  on  through  tin-  Silu- 
rian era.  It  has  already  been  explained,  by  reference  to  the 
map  of  the  Archreau  dry  land,  on  the  same  page,  that  rock- 
making,  and  then-ton-  progress,  was  confined  to  the  submerged 
part  of  the  continent.  The  map  shows  the  position  of  the 
coast-line  along  which  the  waves  broke  when  tin  Silurian  age 
began,  making  the  sea-beach  deposit  :id-tlai-  thai  now 

form   part  of  the  Potsdam  sandstone.     The  Appalachian  region 
must   have  been  one  of  the  areas  of  great,  sand-flats  or   r 
for  its  eastern   >i<l«-   was  the  course  of  a   r 
mountains;   am!    the    Rocky    Mountain    region,    for   the    same 
!-l\    another   of  the   >hallower   portion-   t.f   the 
Bent     'I'he  Lower  Silurian   continental  sea   had  its  great- 
e-t  (1.  pth   over  (lie  intermediate    Interior   region,   of  which    the 
present  (iulf  of  Mexico  was  then  the  southern  part.     These  in- 
ices  are  sn-tamrd    l»y   the   wimli-   course   of  the  hi-tory. 

£.  With  the  progress  of  the  Silurian  the  dn  land  of  the 
north  n-e,-i\ed  a  gradual  "iward.  smnhi-astu 

and  south  west  ward.     This  was  tin- .1  \uh.     Si. 
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lines  of  the  successive  periods  were  more  and  more  remote 
from  the  old  Archaean  sea-shore,  for  the  limits  of  the  suc- 
cessive formations  are  farther  and  farther  south ;  so  that,  at 
the  close  of  the  age,  the  coast-line  in  the  region  of  the  mod- 
ern State  of  New  York  probably  lay  a  little  to  the  south  of 
the  present  Mohawk  valley,  and,  extending  westward  from 
Niagara  over  Western  Canada,  it  bent  northward  around  Lake 
Huron ;  thence  it  turned  southward  so  as  to  cross  Northern 
Illinois  before  taking  its  course  to  the  far  north  parallel  with 
the  west  side  of  the  Archaean  nucleus.  These  conclusions  are 
deduced  from  the  limits  of  the  Silurian  formations,  shown 
on  the  map  on  page  105. 

3.  At  the  close  of  the  Lower  Silurian  the  Green  Mountains 
were  made  by  an  upturning  and  Crystallization  of  the  rocks. 
A  new  area  of  dry  land  was  thus  formed  between  the  seas  of 
New  York  and  New  England,  and  the  valley  of  Lake  Cham- 
plain  was  a  consequence  of  the  uplifting.  There  was  also  an 
upward  bending  of  the  earth's  crust,  but  without  upturning, 
over  an  area  from  Lake  Erie  across  the  Cincinnati  region 
to  Tennessee,  making  another  spot  of  dry  land.  The  Green 
Mountains  were  raised  parallel  to  the  neighboring  Archaean 
Adirondacks ;  the  Cincinnati  uplift  was  parallel  nearly  to  the 
Archaean  Blue  Eidge.  Thus  progress  was  strictly  after  the 
plan  laid  down  in  Archaean  time. 

Southern  and  Western  New  York,  and  the  region  of  the 
Alleghany  Mountains,  remained  within  the  limits  of  the  con- 
tinental sea  through  the  Silurian  age. 
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4.  The  rocks  of  the  Interior  region  of  the  continent  (now 
the  great  Mississippi  valley)  were  mainly  limestones  from  the 
beginning  of  the  Silurian  to  its  close;  \\lnl»-  those  of  tin- 
Appalachian  region  \\rn-  mainly  sandstones,  conglomerate*,  and 
shales.  The  Trenton  limestone  spread  over  both;  Imi.  in 
general,  there  were  fragmcnt.il  deposits  forming  over  tin  Ap- 
palachian return  at  the  .sum-  tune  that  then-  were  limotone 
deposit-  in  progress  to  the  west  of  it.  The  Trenton  Imie- 
>ion.  i-  an  exception;,  but  before  tin-  Trenton  period  cln-.il 
the  Interior  region  \sa-  alone  in  limestone-making,  the  Appa- 
lachian having  become  again,  as  the  rock*  show,  an  ana  ^\ 
mud-tlat>  and  sand-flats. 

These  facts  prove   that    the    Appalachian  region  was  a 
reef  region  through  the  era,  and  that   <»\<r  the  interior  of  (In- 
continent   there  was  at  the  same  tune  a  clear  and   \\ide  -ca,  one 
seldom    nwept    l»\    sediment -bearing  curn-nt-.       The    hme-i 
were   made  of   -helk   crinoi.U.  an.l  coraK  m.Ml\    trronnd  np: 
and   their  freedom  in  general  from   much   impurit\    shows  that 
the    marine    life    had    then-    the    pun     water-    in    uhicli    it     IM-I 
thrives. 

Several  of  the  sandstones   and  shales  contain  ripple-m.iiks, 
mud-cracks,  •  rints,    provimr  that    tln-\    wen    madr,   not 

in  a  deep  sea,  but  in  shallow  waters,  and   th.it    the   de,. 
were  i>osed  above  the  wat.-r'>  -urface. 

.  ,r    |  n. IM MI   ipeflMI   Q|  fotA  V«n  d. -cnhed   from  Ix)Wer 
and    Ipprr    Silurian  rocks  tip  to   th«-   year    1^72.      The  s]». 
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continued  to  change  through  the  Upper  Silurian  era  as  well 
as  the  Lower  Silurian;  that  is,  the  species  of  the  early  part 
had  nearly  all  disappeared  and  new  species  had  become  sub- 
stituted before  the  later  part  of  the  era  began;  and  each  of 
the  successive  subdivisions  in  the  rocks  indicates  some  old  fea- 
ture lost  during  its  progress  or  in  the  transition,  and  some 
new  feature  gained. 

2.    Devonian   Age,  or  Age  of  Fishes. 

The  term  Devonian  was  first  applied  to  the  rocks  of  the 
age  in  Great  Britain  by  Sedgwick  and  Murchison,  and  al- 
ludes to  the  region  of  South  Devon,  where  the  rocks  occur 
and  abound  in  fossils. 

Through  the  age  the  land  had  its  plants  and  insects,  and 
the  seas  their  numerous  fishes,  besides  species  of  all  the  lower 
orders  of  life.  The  regions  of  Devonian  rocks  are  those  ver- 
tically lined  on  the  North  American  map,  page  105,  and  the 
map  of  England,  page  114. 

1.    Rocks. 

The  Lower  Devonian  rocks  of  North  America  overlie  con- 
formably the  Upper  Silurian,  making  a  continuous  series  with 
them. 

The  age  commenced  with  the  era  of  the  Corniferou-s  lime- 
stone. This  was  the  great  limestone  of  the  Devonian,  just  as 
the  Niagara  was  of  the  Upper  Silurian,  and  the  Trenton  lime- 
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stone  of  the  Lower  Silurian.  It  spreads  through  New  York 
friiin  the  Helderberg  Mountains  south  of  Albany,  where  it  has 
been  called  the  Upper  Helderberg  limestone;  and  >tnt<  h«> 
westward  to  th  -ippi,  and  beyond  it  into  Iowa  and 

Missouri.  In  New  York  and  along  the  Appalachian  region, 
it  is  underlaid  by  a  sandstone  or  grit  rock. 

The  limestone  is  in  some  places  a  co /•<//-/•/•,-/'  rock,  a>  plainly 
so  as  any  coral-reef  limestone  in  modern  tropical  seat,  Near 

Loni>\llle,     Kentucky,    at    tile    Falls    of    the    Ohio,    it    consists    Of 

an   aggregation  of  corals,  many  of  large  size,   and    -..MM-  an 
standing  in  the  position  of  growth.     Tin-  linn  -stone  rock  often 
contains  a  kind  of  flint   called    horn-tone;    and,  as   th* 
for  korn  is  cor*ut  the    limestone   was    named    the  (Wml'mms 

The  |)e\oiii.ui  dejxi-it-  foDoWing  this  limestone  —  called 
often  the  Tpper  Devonian  —  are  mostly  sum Uti.m-*  and  -liale<. 
naini  d  tin-  Hamilton.  Portflge,  and  ( 'heiniini:  1>'<U.  Iroin  locali- 
ties in  Ni-\\  York  ;  and  above  these,  at  the  top.  then*  is  an 
extensive  conglomerate  and  sandstone  called  the  Catskill  LTOUJ). 
These  fngmeotsJ  lorinat  fontined  maiul\  to  Southern 

New  York  and   t..   •  ichian   n-iriou   to  the  M.nthweM. 

In    parts  of  the    Interior   region   there   \\«  re   limestones  form- 
ing  when    the     Hamdton    sandstone*    and    sh.de-.    \\ere    in    pro- 
gress;   l)iit    >uK^M|iient    \n   the-e    lime-toiir*    the    Devonia' 
formed     in    the     Interior    reirion     is     mainly    a  little 

thickness. 
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The  flagging- stone  so  much  used  in  New  York  and  the 
adjoining  States  is  an  argillaceous  sandstone  from  the  Hamil- 
ton beds  at  Kingston  and  other  places  on  the  Hudson  River. 

In  Great  Britain  the  Devonian  formation  includes  a  great 
thickness  of  red  sandstone  in  Scotland,  Wales,  and  England, 
which  was  formerly  distinguished  as  the  "  Old  Eed  Sandstone/' 
In  South  Devon  there  are  limestone  and  shales  in  place  of 
red  sandstone,  and  hence  a  greater  abundance  of  fossils.  In 
the  Eifel,  Germany,  the  Eifel  limestone  is  a  Devonian  coral- 
reef  rock  of  the  age  of  the  Corniferous.  Devonian  sandstones 
cover  a  large  area  in  Russia. 

2.    Life. 

1.  Plants.  —  The  plants  included,  besides  sea-weeds,  various 
terrestrial   kinds;    and   among  them,   in  the  middle  and   later 
Devonian,  large  forest-trees. 

These  early  species,  as  stated  on  page  131,  were  mostly  of 
the  higher  Cryptogams. 

7.  Ferns,  some  of  them  Tree-ferns.  A  portion  of  one  of 
the  Ferns  is  shown  in  Fig.  131,  and  part  of  the  stem  of  a 
Tree-fern  in  Fig.  132. 

2.  Equiseta.  —  The  modern  Equiseta,  or  Horse-tails  (the  lat- 
ter   term    a   translation   of   the   former)    have   striated   jointed 
stems,   which   may    be   pulled   or    broken   apart   easily   at   the 
articulations.     The    ancient    species    had    a    similar    character. 
A    portion    of    one    of    these    rush-like    Devonian    plants    is 


I  in 
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tiff*.  Ill,  IS*. 


in  Fig.  1:W.  ( )n«-  of  tin-  arMriilatioii>  <•!'  ihe  stem 
is  shown  at  a  6.  In  allii>iun  to  its  reed-likr  cii.iractcr  it  i> 
<-;ill''<l  M  0  from  I  In-  L-itin  •-//  reed.  The 

plant    n-ptv-  iitt-.l   in    htf.    l:H    i>  -iij)poM-d  l>\    KMM  t«.  belong 
to  the  KipiM-timi  tnl»«-  ;    tin-  \\unl    /.»/.-/•.,//////////,,  mr;ui 
Fin.  18S.  1S4. 
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3.  Lycopods.  — The  earliest  land  plants,  and  those  most  char- 
acteristic of  the  world  in  ancient  time,  were  the  Lycopods. 
The  little  trailing  Ground-Pines  of  our  modern  woods,  so 
much  used  for  decorating  churches  at  Christmas-time,  are 
examples  of  Gro und- Pines ;  the  close  resemblance  to  miniature 
Pine-trees  is  the  origin  of  this  name.  The  earliest  of  the  an- 
cient Lycopods  were  of  small  size,  but  some  of  those  of  the 
Middle  Devonian  were  large  forest-trees.  Fig.  135  represents 

Figs.  185-187. 


Lycopods.  —  Gymnospenns. 
Fig.  135,  Lepidoilcudron  prim.-evum  ;  136,  Sigillaria  Hallii.  — Gymnosperm  :  137,  Cordaites  Robbii. 

a  part  of  the  exterior  of  one  of  the  Devonian  Lycopods. 
The  plants  are-  called  Lepidodcmlritlx  (from  the  Greek  for 
wale  and  tree] ,  in  allusion  to  a  resemblance  between  the  scarred 
surface  and  the  scaly  exterior  of  a  reptile.  The  scars  are  the 
bases  of  the  fallen  leaves,  and  resemble  the  same  on  a  dried 
branch  from  a  spruce-tree.  In  the  true  Lepidodendrids  the 
scars  are  in  alternate  order,  as  illustrated  in  Fig.  135.  In 
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another  group,  called  Sigillarith,  the  scare  are  in  vertical  srr 
as  in  Fig.  136. 

4.  Phenogams,  or  Flowering  Plants.  —  Among  the  Flowering 
plants  there  were  trees  allied  to  the  Yew,  Spruce,  and  Pint  , 
kinds  having  tin-  simplest  of  flowers,  and  the  seed  naked  in- 
stead of  in  pods.  In  allusion  to  the  latter  character  tin  \ 
called  Gymnospertn*,  meaning  having  naked  seeds.  The  ilowere 
and  fruit  are  usually  in  cone-like  groups,  and  in  allusion  t<> 
the  cones  a  large  part  of  the  species  are  Conifers.  Kit:.  I;><" 
is  probably  a  leaf  of  one  of  the  Conifers. 

2.  Animals.  -Protozoans,  Radiates,  Mollusk*.  ami  Articu- 
lates were  represented  by  nnmerou,  ^x-ric*.  as  in  tin-  *i!rrrian 
age;  and  among  these  Brachiopods  wen-  flu  pn-\ailinir  M««l- 
lu-ks,  Corals  the  most  abundant  Itudiates,  and  Tnlobites  the 
union  of  Articulates.  Three  of  tin-  Cor.il>  of  the 
coral-reef  I nm-tone  (  ormferou-  1m  ilu-  Falls  of 

flu    Ohio,  m-ar  Louisville,  are  represented  in   1  i--     \-'^     IK' 
138   represents   a   specimen    of   onr   of   tin-    larLr»-    simpli- 
!-.    hrokni    at    hoth    rxtrmnti,-.      Thr    nuliaiinir    |»lat.-s  are 
seen    at    top.      The    t«»p.    \\hrn    jx-rtVct,    had    a    drpro-ion    ra\«-d 
\Mth   Mich   plates  and   to  this   the   name  of  tin-  •••••up 

it/inpkylloid*,   allnd.-.    it    eoinniL'    from   the  (in-ek 
for  cup  and  -nr  >|M-<-i:  ••«   are  n«-arl\ 

three    inches    in    |  ^    top  ami   a    foot    II-IIL':    and.   when 

liviuir.   the   jx.lvp  or   tlowrr -animal  \\hen   exj)anded  was  a-  large 
at  a   -mall-Hwd    sunflower,   and    pn>l>ahl\    as   brilliant    in   color. 
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Fig.  139  shows  the  surface  of  a  massive  coral  whose  polyps 
covered  the  surface  like  those  of  Fig.  14,  on  page  29.  The 
other  kind,  Fig.  140,  is  one  of  the  most  common ;  the  structure 

Figs.  138-110. 


Polyp-Corals. 
Fig.  138,  Zaphrentis  gigantea  ;  139,  I'hillipsastrrea  Verneuili ;  140,  Favosites  Goldfussi. 

is   columnar.,   suggesting  that  of  a  honeycomb,  and   hence   its 
name,  Favosilet,  from  the  Latin  favus,  a  honeycomb. 

Besides  marine  species  there  were  also  Insects  among  ter- 
restrial Articulates.  Fig.  141  represents  a  wing  of  one  of 
the  May-flies  of  the  Devonian  world  ;  a  gigantic  species  much 
exceeding  any  now  known.  It  measured  five  inches  in  spread 
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of  wings.     The  May-flies  or  Ephemerae  are  species  that   1m 
in  tin-  water  during  tin-  young  or  larval  state.  and   \\hen  ma- 

tun-  ll\  in  clouds  ,i\»-r  moi-f 
places,  (hie  of  the  Devonian 
kind-  .-..ulil  make  the  shrill 
Mumd  ni'  a  locust. 

In    addition    to    Invertebrates 
there   were   Fishes   among    \  .  i  - 

tcbrate-.        The     remains     of     the 
an-   the   head,   teeth,   large   spine-   that    formed    the   front 
marL'in    of    the    tins,    and    al>«»    tin-    \vhole    hod\    with    its    scales; 
hut    ne\er  tin-    hack-hone     \ertehral    column),  as   tin-     •, 
tilaginnut   and    not    hon\.  and    hei  .  d    on    burial. 

The  .eluded  are  (1)  Sharks;   (£)  Gars  or  Ganoid*; 

Trrmi-di.itr    kind-   railed   Placofarm*. 
1.  Sharks.  —  The  remain-  of  the  -harks  are  either  the 
the    -hairreen.   or    hard,   roiu/h-pointed     co\.ruiL'    of    the    body, 


Ut. 


nes    with    \\hirh  the    front    maririn   of  the  \\\\* 

are    s«mn-times    armed.      Fii:      I  MOti    on.-    .,f    the  fin- 

-hark   of   the  !.   t\\o    thinU  the 

full    lenifth.      Tin-    -hark    \i  i-    thr 
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of  the  spine  indicates.  Some  of  the  sharks  had  rather  blunt 
cutting  teeth;  but  the  most  common  kind,  related  to  the  liv- 
ing Cestracion  of  Australian  seas,  had  a  pavement  of  bony 
pieces  over  the  inner  surface  of  the  lower  jaw,  making  the 
mouth  a  formidable  grinding  apparatus,  fit  for  cracking 
Brachiopods  and  the  like. 

2.  Gars  or  Ganoids. — The  Gar-pikes  of  the  Mississippi  and 
the  Great  Lakes,  now  a  rare  kind  of  Fish  in  the  world,  are 
examples  of  the  type  of  Fishes  that  was  exceedingly  abundant 
in  species  in  the  Devonian  Age.  The  scales  of  Gars  are  bony 
and  shining,  unlike  those  of  ordinary  modern  Fishes,  and  to 
this,  Agassiz's  name,  Ganoid  (from  the  Greek  for  slrin'nifj}, 
refers.  In  many  species  the  scales  are  set  side  by  side  with 
a  special  arrangement  for  interlocking  at  one  margin  after  the 
fashion  of  the  tiles  on  a  roof;  while  in  others  they  arc  put 
on  more  like  shingles,  or  in  the  way  common  in  ordinary 
fishes.  Figs.  143,  144  represent  two 
kinds  of  tile-like  scales;  and  145,  the 
under  surface  of  two  of  the  latter, 
showing  how  they  are  secured  to  one 
another.  Figs.  146,  147  represent  two 
specimens  of  the  Ganoid  fishes  of  the 
Devonian.  The  tail  in  Fig.  146  has  a 
peculiarity  that  belonged  to  all  of  the  ancient  fishes ;  that  is, 
the  vertebral  column  extends  to  its  extremity.  In  Meso- 
zoic  and  Cenozoic  species  and  modern  Gars  the  vertebral 
7  j 


Figs.  143-145. 

143  144          145  ~( 


Scales  of  Ganoids. 


1  hi 
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llff*.  146,  147. 


P«t  I44D 


Collllnil      Mop-      at      tin       roimiirlKrlllrlit      of     tllr      t. Ill-till,     a>     in 
1  IK 

s      •    of   ih«-   Ganoids   of  tin-    Mi.Mlr    Drvonian   whose   re- 
mains  liave  been  found  in  Indiana  and  Ohio  were  of  great  - 

lu-».    llv   149. 


PIT  iA  tai  oT Thf«M|»s  140.  too*  oT» 

'  tin-in  had  jaws  a  foot  balf  i,;nir>  „„), 

Urth   in  ih,.  lower  jaw   (F,-     1  !'.»     two  inch-  ,,r  nion-  long. 
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A   Devonian   fish   between   a   Ganoid   and   Shark    is    repre- 
sented in  Fig.  150. 


Fig.  150. 


Cephalaspis  Lyellii. 

3.  Placoderms. —  Still   stranger   forms  are  those  called  Pla- 
coderms.    The   body    of  Fig.    151   is   encased   in    bony   pieces 

Figs.  151,  152. 


Placoderms. 

Fig.  151,  Pterichthys  Milled  (X  *A)  ;  153,  Coccosteus  decipiens  (X  K). 

like  that   of  a   Turtle,  and   the   length  of  the   species,  whose 
remains  occur   in   Russia  and    Scotland,    is    supposed  to  have 
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been  twenty  to  thirty  feet.     The  term  Placoderm  alludes  to  ti- 
ring of  plates,  and  is  from  the  Greek  for  flu  ft  and  *ki*. 

Tin-    teeth    of  .in-    u-nally    xerv   sharp.       Somt-nme- 

tlu-\   an    Mnall  aiul  tine,  and  irroujx-d  so  as  to  make  a  bru-h- 
iu.  like  surface;  but  often  they  an 

large    and    -tout.      Tin-    man-rial    «•!' 

the  Ulterior  of  the  teeth,  called  den- 
tine. IN  intricately  folded,  and  in  allu- 
8jon  to  t|ie  passages  of  a  Ijibyrinili, 
>ueh  teeth  an-  slid  to  have  within  a  A/////;-/'////////'-  texture. 
\  -imple  form  of  this  labyrinthine  texture  is  repn -•  m« -d  in 
Pig.  l.VJ. 

The  fact>  re\ii-\\ed  with  reference  to  the  life  of  the  Devo- 
nian teach  that  durinir  the  progress  of  the  air«-  the  mar>ln •- 
and  dr\  land  \\«  n  ooveied  with  junijlex  and  that  tin- 

trees  were  without   COI^J.K-IK.UX  flowers,  and   the  n»o>t   of  them 
with   no  true  flowers  at   all;    that   the  seas   were   brilliant   with 
livinir    ronils,    as    well    a^    Cnnoid-.    and    abounded     in     I 
ehiojMxU  and  Trdohit.-v  :   that  they  aUo  had  their  irn-at   ti^he>, 
rks,  Gars,  and  nm.     The   land.  too.  had   its  swarm* 

•N  and   pr«ibabl\    also    it^   Spider-   to  -pread   thi-ii  \\<\>- 
for  the  May-flies,  although    no    n  -lie-  of   them    h  been 

found. 

3.   Mountain-making. 

The    I)e\oin.i!.  -fd    i|inetl\    for   th»     l.irL.p'i    |«irt    of  the 

.can   contiii.nl.   without    aii\    lilting    "f    the     H" 
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yet  not  without  wide,  though  small,  changes  of  level,  varying 
the  limits  and  depth  of  the  Interior  sea;  such  changes  of 
level  and  of  limits  being  indicated  by  the  varying  limits  of 
the  rocks,  all  of  which  are  of  marine  origin.  This  quiet  was 
not  interrupted  between  the  Devonian  and  Carboniferous  eras, 
as  far  as  yet  discovered,  except  to  the  northeast  in  the  region 
of  New  Brunswick,  Nova  Scotia,  and  Northeastern  Maine. 
There  an  upturning  and  flexing  of  the  beds  occurred,  and, 
as  a  result,  some  mountain-making. 

The  southward  extension  or  growth  of  the  dry  land  of  the 
continent  continued;  and,  by  the  close  of  the  Devonian,  the 
shore-line  probably  crossed  the  southern  portion  of  what  is 
now  the  State  of  New  York,  —  where  is  the  southern  limit 
of  the  outcropping  Devonian,  so  that  all  of  Canada  except  the 
southwest  extension  north  of  Lake  Erie,  nearly  all  of  New 
York,  and  much  the  larger  part  of  New  England,  were  above 
the  sea-level,  together  with  Wisconsin  and  the  borders  of  the 
adjoining  States.  There  was  probably  also  an  island,  trending 
north-northeast,  over  the  Cincinnati  region  (page  135),  and  an- 
other about  an  Archaean  area  in  Missouri.  See  map,  page  105. 

3.  Carboniferous  Age,  or  Age  of  Coal-Plants. 

The  Carboniferous  age  was  the  time  when  the  most  exten- 
sive coal-beds  of  Europe  and  America  were  formed.  The 
name  Carboniferous  is  from  the  Latin  carbon,  coal. 
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1    Rock*.  —  Coal-measures. 

1 .  The  age  commenced  with  a  marine  period,  —  the  Subcar- 
boniferous, —  in  which  a  large  part  of  the  North  American 
n mt incut  was  under  the  sea,  though  not  at  great  depths,  and 
Great  Britain  and  Europe  also  were  to  a  large  extent  sub- 
merged. During  it,  limestone  strata,  with  some  intervening 
sand-beds,  were  in  progress  in  portions  of  Great  Britain  and 
Europe,  and  over  much  of  the  Mississippi  basin  or  the  In- 
terior region;  and,  at  the  same  time,  great  fragmental  depos- 
its, making  sandstones,  shales,  and  conglomerates,  were  laid 
down  along  the  Appalachian  region  from  the  borders  of  New 
.  sou  ill  west  ward,  tin  thickness  of  which  was  five  times  as 
great  as  that  of  the  limestone  strata. 

The  limestone  was  formed  to  a  great  ext<  noids,  and 

has  been  called  Crinoidal  limestone.  Tin  Oi  noids  were  of 
numerous  species  and  very  various  forms.  One  of  the  nx.-t 
i-  represented  in  Fig  154,  only  the  stem 
below  being  waiting.  The  figure  shows  tin-  numberless  -tony 
.-s  —  really  blocks  of  liincst.mr  material  —  of  which  it  con- 
sists, and  uhich  ordinarily  fell  to  pieces  \\hen  the  animal  died, 
as  there  was  little  animal  membrane  to  hold  them  together. 
The  animal  opened  out  its  arms  at  will,  and  when  .\jnnd.d. 
the  hreadth  of  the  (lower-like  summit  in  this  species  was 
about  three  inches.  The  stem  below,  when  entire,  was  prob- 
ably a  foot  or  more  long.  The  little  disks  of  which  the  >tem 
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in  Crinoids  consists,  looking  like  button- moulds,  are  common 
fossils  in  the  limestones.  (See  page  34.)  Some  of  them  are 
an  inch  in  diameter.  Fig.  155  represents  another  kind  of 
Crinoid,  which  was  without  arms,  called  a  Pentremites,  from 
the  Greek  for  five,  the  form  of  the  stem  being  approximately 
five-sided. 

Figs.  154-156. 


Crinoids.  -  Coral. 

Fig-.  154,  Zeacrinus  elegans ;  155,  Pentremites  pyriformis.  —  Coral :  156,  surface  of  Lithostrotion  Canadense. 

There  were  also  Corals;  and  a  top  view  of  the  most  com- 
mon of  these  is  represented  in  Fig.  156.  Brachiopods  also 
contributed  largely  to  the  rock,  as  to  all  earlier  limestones : 
figures  of  two  of  them  are  given  in  Figs.  157,  158. 

2.  After  the  Subcarboniferous  period  —  a  period  of  submer- 
gence —  began  the  true  Coal  period,  or  that  of  the  Coal-meas- 
ures, as  the  series  of  coal-beds  and  rocks  containing  them  is 
called.  The  rocks  are  mostly  sandstones,  shales,  and  conglom- 
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crates;  but  in  the  hit  .nor  region  of  North  America  tin-n- 
ave some  intervening  limestone  strata.  The  rock  at  the  base 
of  tin  coal-measures  is  generally  a  conglomerate  called  tin- 
milliton+frii. 


PI*  157.  SpMfar 

The  Coal-beth  contain  only  trrn-trial  or  fresh-water  fossils, 
and  nearly  all  an*  plants;  while  the  strata  that  separate  them 
have  sometimes  marine  or  brackish  water  fossil-. 

The  areas  of  the  coal-measures  are  the  black  areas  on  the 
maps  of  North  America  and  England,  put:  111 

In   North  America  there  is  one  area,  the   Acadian,  t<.  the 
north»-a>t    in    Nova  Scotia    and    NYw    Knm-\virk  ;    a   MBMMfj   ^ 
very  small  extent    in    Khodr    Island;   a   M/W.  th<-    All«-i:haiiv. 
reaching  from  near  the  south.-™  boundary  »l  \.-\\    York 
part  of  Pennsylvania,  Ohio,   Kmtiu-k\.  and    i  \l.i- 

bama;  a  fourth,  in  (Vntrd  Michii:>  ,  the  Etutern   ln- 

terior,  covering  part*  of  Illinois,  Indiana,  and  \V.-;    K.nn, 
a  MftA,  th.-    H, •*(,;•„    MpfMTi  "wr  parU  of  Iowa,  Missouri, 
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Kansas,  Arkansas,  and  Texas.  The  last  two  were  originally 
united  in  one,  the  Mississippi  valley  now  separating  them. 
It  has  been  estimated  that  the  area  of  the  workable  coal-beds 
of  the  United  States  is  at  least  120,000  square  miles.  The 
coal  area  of  Nova  Scotia  and  New  Brunswick  is  18,000  square 
miles. 

The  principal  coal  areas  of  England  are  those  of  South 
Wales ;  the  great  Lancashire  region  east  of  Liverpool  (B,  on 
the  map,  p.  114)  and  Manchester  (C) ;  the  Derbyshire  coal 
region  farther  east;  and  on  the  northeastern  coast,  the  New- 
castle coal-field  (D).  There  are  also  coal-fields  in  Scotland 
between  the  Grampian  range  on  the  north  and  the  Lammer- 
muirs  on  the  south ;  and  others,  of  Ulster,  Connaught,  Leinster 
(Kilkenny),  and  Munster,  in  Ireland.  The  areas  of  England 
and  Scotland  are  supposed  to  have  been  originally  one  great 
coal-field.  There  are  valuable  coal-fields  of  smaller  extent  in 
Belgium,  France,  and  Spain,  nnd  still  smaller  in  Germany  and 
Southern  Russia, 

The  greatest  thickness  of  the  coal-measures  in  Pennsylvania 
is  4,000  feet;  in  Illinois,  1,200  feet;  in  Nova  Scotia,  about 
15,000  feet.  In  Great  Britian  it  is  7,000  to  12,000  feet  in 
Soutli  Wales,  and  contains  a  hundred  beds  of  coal ;  7,000 
feet  in  Lancashire,  with  forty  beds  of  coal;  2,000  feet  at 
Newcastle.  The  aggregate  thickness  of  the  coal-beds  of  a 
region  is  not  over  one  fiftieth  of  that  of  the  coal-measures. 

The  coal-beds  vary  in  thickness  from  less  than  an  inch  to 
7* 
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30  or  40  feet.  The  "mammoth  vein"  of  the  anthracite  re- 
gion in  Pennsylvania  is  29  feet  thick  at  Wilkesbarre;  but 
there  are  some  layers  of  shale  in  the  course  of  it,  —  a  common 
tact  in  all  coal-beds.  Some  coal-beds  contain  too  much  earthy 
matter  in  !>«•  of  any  \alne. 

Tin-   mineral   coal   is  of  different    kinds.     That  of  ( 
Pennsylvania  and   of  Rhode    Island    is  anthracite,   while  that 
of   i  he  rest  of  the  country  is   almost  wholly   bituminous  coal. 
Anthracite   is   a   firm    lustrous  coal,    burning   with    lint    lit t le 
llainr,  while  the   bituminous  coal,  as  that    from    Pitt-lmrg  and 
less    tinn   and    usually  of   lc-s    In-tre,  and 
hums   with    much   yellow  flame.     The   flame    i*   dm-    maiidv   to 
the  fact  that  part  of  the  carbon  is  combined  with  hydro- 
with  hydrogen  and  oxygen)  into  a  comjxmnd  that,  when  heat 
is  applied,  becomes  a  combustible   gas  or  mnnr.il  oil.     Hitu- 
mmous  eoal   when   heated   affords  more  or  less  of  mineral  oil 
the    material   from   which    kerosene   is  obtained),  although  it 
contains  none;  the  oil  or  gas  is  produced  by  the  heat  out  of 
some  carbonaceous   material    present.     Some   bituminous  coals 
—  especially  those  compact  coals,  scarcely  shining,  call..; 
nel  coal — afford    50   per  cent    or    more    «t    rolatik    i 
while  anthracite   \ields  very  little,  and  this   is   mo-tl\  th. 

' 

Coals  always  contain    some   impurity    which    is  the  "ashes" 
a    co.il-f,  rth\     mate- 

rial  was   largely    derm-d    tn>m    tlie    plants    themselves,  and    for 
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the  best  coals  wholly  so;  but  in  other  cases  it  is  part  of  the 
detritus  that  was  from  time  to  time  washed  over  the  beds 
'of  vegetable  debris  when  they  were  forming.  The  coal-beds 
always  contain  a  little  sulphur,  —  enough  to  give  a  sulphur 
smell  to  the  gases  from  the  burning  coal;  and  the  most  of  it 
comes  from  the  presence  of  pyrite,  a  compound  of  iron  and 
sulphur. 

The  layer  of  rock  under  a  coal-bed  is  often  a  clayey  layer, 
—  called  the  underclay, —  and  it  is  frequently  full  of  the 
under- water  stems  or  roots  of  plants.  The  trunks  sometimes 
project  from  the  top  of  a  bed  of  coal,  as  shown  in  Fig.  65, 
page  84.  Many  logs  or  great  trunks  lie  in  the  strata  that 
intervene  between  the  coal-beds,  which  were  once  floating  logs ; 
and  multitudes  of  ferns  and  flattened  stems  or  trunks  of  these 
and  other  plants  are  often  spread  out  in  the  shales,  and  espe- 
cially in  the  bed  of  rock  directly  over  a  coal-bed.  Moreover, 
the  coal  itself,  even  the  hardest  anthracite,  has  sometimes  im- 
pressions of  plants  in  it,  and,  more  than  this,  contains  through- 
out its  mass  vegetable  fibres  in  a  coaly  state  which  the 
microscope  can  detect. 

Coal  was  made  from  plants,  and  each  coal-bed  was  origi- 
nally a  bed  of  vegetable  material  like  the  peat-beds  of  the 
present  time  in  mode  of  accumulation.  (See,  on  this  point, 
page  40.)  The  plant-bed  having  accumulated  until  several 
times  thicker  than  the  coal-bed  to  be  made  out  of  it,  was 
finally  covered  with  beds  of  clay  or  sand;  and  while  thus 
buried  it  gradually  changed  to  coal. 
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Plants  when  dried  are  one  half  carbon,  —  tin  chief  material 
of  charcoal,  —  the  rest  being  mostly  the  two  gases  oxygen  and 
hulrogen;  after  the  change,  eight  tenths  to  nine  tenths  or 
more  (>i  tin-  whole  are  carbon. 

The  coal-measures  are  followed  in  I  In  rope  by  a  series 
of  red  sandstones  and  clayey  rocks  <>r  marlvto,  \\ith  a  mag- 
nesian  lime-tone,  con-ntutintr  tin-  Permian  group,  —  so  called 
from  tin-  district  of  Perm,  in  Russia.  In  North  America  the 
Permian  rocks  include  the  sand-ton,-  and  shales  at  the  top 
of  the  coal-in« -a-urr-  it. 

2     Life. 

L  Plants.  —  The  plant-  were  -imilar  in  general  character  to 

their    predecessors-    in    the    Devonian    au'e,   though    mostly    dif- 

•it   in  species  and    parth    in  the  higher  (  r\p- 

togains  —  c;dle«l    .l,-,;,f/t'n.i   (or   tiptrurr/  grower*,   as   the   word 

from  the  (in-ik   -iL'inties),  because  they  can  grow   into  trees  — 

there     \veiv        I         /V,,/v.        -,1        /          ,.-/„,     (8)     /_, 

the  I'lut:  •  tlnwerini:  tn-«->.  ti  ''TJ»,  or  plants 

Hie     I'nie-tiil)*-.      The    trees    and    -In  \     luxuriantly 

tlir    almost    endless    marshes    of    the   continent,   and    >pre»(l 

nl   them   oxer   the   higher   land-. 
The   features  of    ti  ,iion    and    of    the    ordinary    land- 

«»]>«  Ml      ill      the     follow  inir     ideal      -ketch.        The     tree     at 

tin-  -cenire  is  a  Tr  md    then-  :  !ow . 

near  i he   left  I   of    the   ancient    triln 
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of  Lepidodendrids ;  and  in  the  right  corner  there  are  other 
Lepidodendrids  and  the  trunk  of  a  Sigillaria.  In  the  left 
corner  there  are  Equiseta,  The  region  is  represented  as  a 


Fiff.  159. 


rarboniferous  Vegetation. 


great  marshy  plain  with  lakes.  The  lakes  of  the  Carbon- 
iferous era  probably  had  their  many  floating  islands  of  vege- 
tation, earning  large  groves  like  the  floating  islands  of  some 
lakes  in  India. 
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A  portion  of  one  of  the  Ferns  is  shown  in  Pig.  160,  and 
of  another  in  Fig.  161.     Fig.  162  represents  one  of  the  E<|m- 


161. 


seta,  a  species  of  Catamite*  (page    1  1"    .    plants    with   joi 
steins  that  grew  often  to  a  height  of  20  feet,  and   somctnm  - 

Flf.  162. 
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were  a  foot   in   diameter,  —  very  unlike  the  little   Horse-tails 
of  modern  time.  ' 

The  Lycopods  of  the  tribe  of  Lepidodendrids  had  the  as- 
pect of  Pines  and  Spruces,  and  were  40  to  80  feet  or  more 
in  height.  On  some,  the  slender  pine-like  leaves  were  a  foot 
or  more  long.  Figs.  163,  164  show  the  scars  of  the  outer 

Figs.  168-165. 


ffi 


Lycopods. 
Fig.  163,  Lepidodendron  clypeatum  ;  164,  Halonia  pulchella  ;  165,  Sigillaria  oculata. 

surface  of  two  of  the  Lepidodendrids  arranged,  as  usual,,  in 
alternate  order;  and  Fig.  165  those  of  a  Sigillaria  in  vertical 
series.  The  resemblance  of  the  scars  in  the  latter  to  an  im- 
pression of  a  seal  suggested  the  name  Sigillaria,  from  the 
Latin  Sigilla,  seal. 

The    cones    of    the    Lepidodendrids    and    Conifers    and   the 
nuts  of  the  latter  also  occur  in  the  beds.     Two  of  these  nuts 


hlii  PAl.l.o/i  >l<     1 1  Ml 

are   represented  in   Figs.    166,   167.      They   are   supposed    to 
have  belonged  to  trees  related  to  the  modern  yew-tree. 

Nearly  500  species  of  Carbonif- 
erous plants  have  been  described 
from  North  America,  and  about 
the  same  number  from  Kump.  ; 
and  of  these  more  than  one  third 
were  common  to  Kurope  and 
America. 

Tin  re  are  also  coal-regions  in 
the  Arctic  i>lands  which  have  af- 
forded some  of  the  same  species  of 

r.«MMi **«iMr«nwv«*«rHH*  plants  that  were  growing  in  Ku- 
rope and  America,  showing  great  uniformity  in  tin-  climate 
of  the  era;  a  fact  sustained  aNo  b\  thr  occurrence  in  the 
•  deposits  of  nianv  fo>sil  shells  and  coral-  id< -ntical  with 
>omr  thru  living  in  the  seas  of  Europe  and  America. 

2.  Animal*. —  The  seas  of  the  Carboniferous  age  abounded 
in  Oinoid-  ,uid  Corals  among    II  .  and    Brarhiopods  far 

exceeded  in  number  ail  other  kind>  of  Mo  Husks  ;  but  in  the 
group  of  Articulate-.,  whilr  tin-  uiaii\  kinds  of  Worms 

•  ml  Crustaceans,  Trilobites  were  few.  Trilobites  had  been 
replaced  by  other  Crustaceans,  some  of  which  were  much  like 
the  modern  Shrimp.  K\ample>  of  the  Crinm'd-.  <  and 

Brarhiopods    of    the    e.u-ln  r    p.irt    of    the    age    are    figured  on 
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Fishes  were  in  great  numbers  and  of  large  size,  and  they 
belonged  to  the  two  grand  divisions  that  were  especially  char- 
acteristic of  the  Devonian,  —  the  Sharks  (called  also  Sela- 
chians, from  the  Greek  for  cartilage,  the  Sharks  being  fishes 
with  a  cartilaginous  skeleton)  and  the  Ganoids.  One  of  the 
Ganoids  of  the  coal-measures  is  represented  in  Fig.  169.  It 


:  Fig.  169,  Eurylepis  tuberculatus,  from  the  coal-formation  in  Ohio.  —  Selachian  :  Fig.  170,  tooth  of 
Carcharopsis  Wortheni ;  a,  profile  of  section  of  same. 

has  the  vertebrated  tail  characteristic  of  all  Paleozoic  fishes. 
Fig.  170  shows  the  form  and  size  of  the  teeth  of  one  of  the 
sharks  of  the  Illinois  region. 

The  land  had  its  Insects,  true  Spiders,  Scorpions,  and  Cen- 
tipedes, and  also  its  land  Snails ;  and  among  the  Insects  there 
were  May-flies,  Cockroaches,  and  Crickets.  A  view  of  one  of 
the  May-flies,  twice  the  natural  size,  is  shown  in  Fig.  171  ; 
of  the  wing  of  a  Cockroach  in  Fig.  172;  of  a  Spider,  from 
Morris,  Illinois,  in  Fig.  173;  and  of  a  Centipede,  from  Nova 
Scotia,  in  Fig.  174. 

Besides   these   species   there  were   also  Reptiles,  the  earliest 
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ln-N  (,f  whirh   thus   far  found  romr  fnuu  ( 'arlx.mtVrous  rocks. 
Footprints  of  them  have  been  described  from  the  Subcarbon- 


iferous  bed  '>!?  a  large  ainnutl 

a  tail,  —  tin-  tail  In  tl   mark  on  the  mud-flat  <>\«-r 
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Fig.  175. 


which  the  animal  marched.  In  the  Carboniferous  beds  of 
Illinois,  Ohio,  and  Nova  Scotia  skeletons  have  been  found. 
One  of  them,  from  Ohio,  is  represented  in  Fig.  175.  It 
has  the  broad  cranium  with 
large  open  spaces  that  is 
found  in  the  Frog  and  Sala- 
mander; but  while  modern 
species  have  a  naked  skin 
and  no  teeth,  the  Carbon- 
iferous kinds  were  furnished 
with  scales  and  sharp  teeth 
very  much  like  those  of 
the  Ganoid  fishes.  Frogs 
and  Salamanders  belong  to 
the  inferior  division  of  Rep- 
tiles called  Amphibians. 
They  are  distinguished  from 
true  Reptiles  (such  as  Liz- 
ards, Crocodiles,  Snakes, 
Turtles)  by  having  gills 
when  young,  which  serve 
them  for  respiration  until 
they  become  full  grown ;  then  the  gills  drop  off,  and  they 
use  their  lungs.  The  Carboniferous  species  are  believed  to 
have  had  this  low  fish-like  character  in  the  young  state,  and 
thus  to  have  been  related  to  the  modern  Frog  and  Salaman- 
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r   Amphibian*;   but,  while  so,  they  were  greatly  superior 
to   the   modern    representatives  of  the  tribe. 

Itcsides    the.se    Amphibians,    there    were    also    tru, 
Fig.   l?i'»    represents    a    vertebra    of   one    of   them,    from    the 

Nova  Scotia  coal-n 
vertebra,  as   the  section    in 

shows,  was  concave  on   boih 
surfaces  like  those  of  : 
also    like  the    *ta-*an- 

fonnd   in   the   rock-   ,,|    the 
next      geological     age,  —  reptiles 
that      had      paddles      like     \\ 
Finalh  I  of 

the   Carboniferous   ap-    had    passed,  there    \\cr.  ,i    higher 

•;i.it    lived   on   the   land. 

•    Mammals  have  v.  •    been   found 
in  -m\    rocks  as  early  as  those  of  tl  as$e. 

3      Changes  during  the  Progress  of  the  Carboniferous  Age 

gM  of   level  were  going  on   over  the    North    \n 
iient     thn.iiirhont     the    Carboniferous    ai:e  ;    but     th.\ 

•  ml  below  the  sea-level  in  man\  alternations. 
and  of  the  gentlest  and  -l> we-t  kind  posHJl,!,..  ;u,d  ,,,,1  uplift- 
ings  into  m<>  '  ,,1  h.id  ! 

in   progress  all   thronirh    the    pi  ure>  ;    hut   the  Carbon- 

•inents    \\  lur    in    this,    that    the    continent 
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over  its  broad  surface  was  just  balancing  itself  near  the  wa- 
ter's surface,  —  part  of  the  time  bathing  in  it  and  then  out 
in  the  free  air,  and  so  on,  alternately;  while,  in  former  times, 
the  oscillations  seldom  carried  the  interior  region  out  of  the 
sea,  or  if  it  did,  only  portions  at  a  time.  It  was  peculiar 
also  in  the  fact  that  the  wide  continent  lay  quiet  above  the 
sea-level,  with  a  nearly  even  surface,  for  a  very  great  period 
of  time,  —  sufficiently  long  to  make  beds  of  vegetable  debris 
thick  enough  for  coal-beds;  many  of  the  coal-beds  are  six 
feet  thick,  and  some  twenty  or  more;  and  even  six  feet  would 
require,  according  to  an  estimate  that  has  been  made,  a  bed 
thirty  feet  thick  for  bituminous  coal,  and  a  much  thicker  one 
for  anthracite. 

The  Interior  of  the  continent  from  Eastern  Pennsylvania  to 
Central  Kansas  was  a  region  of  vast  jungles,  lakes  with  float- 
ing grove-islands,  and  some  dry-land  forests,  and  the  debris 
of  the  luxuriant  vegetation  produced  the  accumulating  plant- 
beds.  A  Cincinnati  area  of  emerged  land  then  divided  the 
continental  marsh  from  Lake  Erie  to  Tennessee;  but  farther 
south  the  eastern  and  western  portions  were  probably  united. 
The  Michigan  coal  area  was  an  independent  marsh  region. 
The  Green  Mountains  separated  the  Pennsylvania  area  from 
those  of  New  England  and  Nova  Scotia;  but  the  two  latter 
were  probably  connected  along  the  region  of  the  Bay  of  Fundy 
and  Massachusetts  Bay. 

The  changes  of  level  could  hardly  have  carried  up  evenly 
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all   parts  of  the   Interior  marsh-region   from    1  Vi  u  is  \1  \.UIM  t<> 
beyond  the  Mississippi;    ami  it   i>  evident    that   they  did    not, 
it   i-  dillicult   to   make   out   the  parallelism   between  tin 
beds  of  the  ea>t< -rn,  mitral,  and  western  port. 

•  •ni  of  \erdure  during  which  a  plant-bed  was  in  pro- 
gress finally  came  to  its  end  by  a  return  uf  the  suit  water 
over  the  continental  interior  which  de-tn»\ed  the  terrestrial 
life;  and  then  began  the  deposition  of  sediment  covering  up 
the  plant-beds  and  making  sandstones  or  shales  or  conglom- 
erates, or  the  forming  of  limestones.  Finally,  the  continental 
surface,  or  wide  portions  of  it,  again  emerged  -lo\sl\,  pnttmi: 
an  end  to  it-  marine  In',-,  and  opening  a  new  era  of  verdure. 
Such  alternations  continued  until  all  the  successive  coal-beds 
were  made;  some  of  them  affecting  perhaps  tin  whole  breadth 
of  i:.-  h.trrior  coal  area,  others  more  local.  Tim-  the  era  was 
one  of  constant  change;  yet  change  so  gradual  that  only  a  l><  HIL' 
whose  years  were  thousands  or  tens  of  thousands  of  our  years 
would  have  been  able  to  discover  that  any  was  in  progress. 

In  Nova  Scotia  the  oscillations  went  on  until  m-arl\  1 
feet  of  deposits  were  formed;  and  in  that  space  there  are  76 
coal-seams  and  dirt-beds ;  and  therefore  76  levels  of  \<rd.mt 
i'u-ld.s  lirtuiTii  the  others  when  the  waters  covered  the  land. 
Hut  o\rr  i  hit  n-irion  th«  waters  submerging  the  region  were 
rvsh  or  brarki-h  \\  re  no  marine  shell-  exiM  in 

U-d-,    \shil<-    then-    are    land    -hells    and    bones   of    rep! 
area  was  an  immense   delta   in   the  Carboniferous  u< 
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the  mouth  of  the  St.  Lawrence,  then  the  only  great  river  of 
the  continent,  and  the  submergences  were  connected  with  the 
floods  of  the  stream  as  well  as  changes  of  level  in  the  crust 
of  the  earth  beneath. 

The  Permian  period,,  or  the  closing  part  of  the  Carbonifer- 
ous age,  was  an  era  of  gradual  submergences,  without  long 
eras  of  verdure  or  the  formation  of  plant-beds. 

4.    Mountain-making  at  the  close  of   Paleozoic  Time. 

From  the  beginning  of  Paleozoic  time  to  its  close  all  changes 
over  the  Appalachian  region  west  of  the  Archaean  ridges,  south- 
west of  New  England,  arid  over  the  great  Interior  region  of  the 
continent,  had  gone  on  quietly,  with  gentle  oscillations  of  the 
surface  and  slight  displacements,  but  no  general  upturning  in 
any  part. 

These  ages  of  quiet  and  regular  work  in  rock-making  were 
very  long,  for  Paleozoic  time  includes  at  least  three  fourths 
of  all  time  after  the  commencement  of  the  Paleozoic. 

Over  the  Appalachian  region  from  New  York  southward, 
the  Silurian,  Devonian,  and  Carboniferous  deposits  have  great 
thickness.  The  amount  in  Pennsylvania  and  Virginia  has  been 
estimated  at  40,000  feet,  or  over  seven  miles.  But  over  the 
Interior  region,  where  limestones  were  the  most  of  the  time 
forming,  the  thickness  is  from  3,000  to  4,000  feet.  These 
Appalachian  deposits,  more  than  ten  times  thicker  than  those 
of  the  Interior,  were  accumulating  there  for  the  making  of  a 
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range   of   mountain-  ;    and    al    the    .  ii<     I'aleo/oie  .ill    \\a> 

ready  and  the  niMiHiiains  were  made. 

The-,-       HI, Kill)      l.-.-l      of     deposit      \\rrr      laid      do\ui      ]!|      ;i      LMV.i! 

trough  made  by  the  gradual  -inking  of  the  earth'-  cru-t.  T  i 
west  sandstone  of  the  aeries  bean  evidence  that  it  \\.i- 
made  in  shallow  waters,  a«  stated  on  page  116;  and  the  last 
in  i In-  series,  the  Carboniferous  beds,  were  spread  out  hori- 
zontally just  above  or  just  below  the  surface,  the  coal-bed- 
i£  a  small  emergence  part  of  tin-  time,  and  ripple-mark-, 
mud-cracks,  and  footprints  indicating  that  the  sea-level  was 
nearby.  Tin  coal-measures  contain  beds  of  iron  ore  of  great 
economical  importance;  and  these  are  evidence  that  the  con- 
dition  was  at  times  that  of  a  great  muddy  mar>h,  probably  a 
salt  marsh,  the  iron  ore  being  a  marsh  dep 

hen,   the   toj)   and    bottom   strata  were   made    near  tin- 
water-level,  there  must  have  been  seven   mil.-  of  -inking  dur- 
ing  the   interval    between   their   deposition.      Other   bed-   of    the 
bear   like  evidence   of  shallow- u  M  :    so   that    the 

iat     the    earth'-    rru-t.    aloni:    what     i-    now    the 
•In     . Mle-jhanv    Mountain-,    west    of    the    Blue    1 
breadth  of  nearly   a   hundred  mile-  :md  a  1.  nulli  of 
hundred    and     !  wa-    *\u\\\\    -inkniL',        -o    -l.,\\l\ 

lit-      laid      il..\\n      kept      the     trollL'll     all     the    time 

full   to   the   -urface.   or   m-arly  SO. 

Thi-    sink  irth's   eru-t    over    the    region,   and   tin* 

concurrent    accumulation    of    s.-dmientary   beds,   wen-   the    piv- 
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• 
paratory  steps  in  the  mountain-making  that  was    then   to   go 

forward,  — *and  steps  that  took,  as  above  remarked,  three  fourths 
of  all  geological  time  after  the  Archaean  era. 

The  catastrophe  consisted  in  the  (1)  folding,  (2)  fracturing, 
(;3)  solidifying,  and  in  part  (4)  crystallizing  of  the  beds;  and 
also  (5)  in  the  change,  in  Central  Pennsylvania,  of  bitumi- 
nous coal  to  anthracite. 

The  folds  were  numerous,  and  involved  the  whole  breadth 
of  the  region;  and  if  their  tops  had  not  since  been  worn  off 
by  the  action  of  water,  some  of  the  folds  would  now  rise 
over  10,000  feet  above  the  sea-level.  Their  characters  are 
shown  in  Fig.  178,  of  a  section  from  Virginia,  extending 

Fig.  178. 


from  the  southeast  on  the  right  to  the  northwest  on  the  left, 
over  a  distance  of  six  miles.  It  presents  an  example,  as 
explained  on  page  84,  of  the  denudation  the  country  has 
undergone,  as  well  as  of  the  folding. 

The  coal-formation  was  involved  in  the  folds,  —  a  fact 
which  proves  that  the  folding  began  after  the  coal-beds  were 
formed.  Pig.  179  is  a  section  from  the  vicinity  of  Potts- 
ville,  Pennsylvania,  P  being  the  position  of  Pottsville  on  the 
coal-measures.  Pig.  180  represents  another  from  near  Nes- 
quehoning,  Pennsylvania,  showing  the  anthracite  beds  doubled 
up,  and  in  part  vertical. 
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1.  The  folds  are  steepest  and  most  numerous  to  tin-  south- 
eastward, or  toward  the  ocean,  and  dumm-h  to 
ward.     (See  Pig.  178.) 

Plfm.  17t,  180. 


forwttaM :  •  to  5.  Cpper  Silurian  ;  4  to  a.  Lc 
h«.  Pa. ;  the  btoc*  lines  co«U»ed>. 


l  muuut* ;  14.  tl*  cinl  mm»»t 
Lower  Silurian.    Fig.  ito.  AttfcndM  ngio^.  Mar 


I  Tin-  tnl.U  irciu-r.illv  liavr  the  \v«'st«-ni  slope  steepest,  as 
if  prpssnrr  fn»m  th<  ilin-i-timi  <»f  tin-  ocean  had  pu^linl  them 
west"  -,.|  M.nirtiim-s  thr  top»i  have  ihu>  IH-I-JI  made  to 

thr   ui^trni  base.      fPig.   179.) 


•  •   •• 


of  U«  A|»p*UckUni.  IB   Bo«Ui«ra  VlrflmU, 
Ik*  fMk  RUU  (M*r  F»*k  CrMk  V»il»yi 


Walktri 
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Phe    rocks  were   also   fnrtnn-d   on    a    irnmd    scale,   and 
those  of  the  en-1  of  the   fracture   sh,,vrd    up  -o  as  to 

kfl    in    some  cases  of    more  than     I(I,IHHI 
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181  represents  one  of  these  great  faults.  The  fault  is  at  F; 
to  the  right  of  F  is  the  coal-formation,  and  to  the  left,  a  bent- 
up  Lower  Silurian  limestone;  so  that  a  Lower  Silurian  rock 
is  brought  up  to  a  level  with  the  coal-formation,  —  a  lift,  ac- 
cording to  Lesley,  of  20,000  feet. 

4.  The   rocks   were   solidified   through   the   aid  of  the  heat 
caused   by   the   movement   of  the   rocks    (page    72)  ;    and   by 
the   same   means   the   change   of    the   coal   to    anthracite   was 
caused.     This  change  to  anthracite  took  place  where  the  rocks 
are   most   upturned;   it  diminished   westward,  and  accordingly 
the  coal,  on  going  west,  is  first  a  semi-anthracite  or  a  semi- 
bituminous  coal,  and  then  true  bituminous  coal,  as  at  Pitts- 
burg.     The  rocks  in  some  regions  were  crystallized. 

5.  While  there  was  so  much   folding   and   fracturing,  there 
was  no  chaotic  confusion  of  the   rocks   produced,  the  stratifi- 
cation being  perfectly  retained. 

It  follows  from  the  facts  (1)  that  the  force  acted  quietly, 
or  with  extreme  slowness,  —  for  otherwise  confusion  would 
have  been  produced;  and  (2)  that  the  pressure  acted  from 
the  direction  of  the  ocean,  —  the  forms  of  the  folds  and  their 
greater  numbers  and  steepness  in  that  direction  proving  this. 

Now,  what  was  the  action  producing  the  folding  and  accom- 
panying effects  ? 

The  earth's  crust  below  the  region  rested  at  the  time  on 
liquid  rock ;  if  it  did  not,  the  trough  7  miles  in  depth 
could  not  have  been  made  by  the  downward  bending  of  the 
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t.     Suppose  the  thickness  of  tin-  cru-t   to  have  been  ;it  the 
tune     lOII    mile-;    and    that    below    100    mil.--    there    wa-    fi, 
an.l  the  temp  In   tin    in.iking  of  the  trough 

the  crust  was  bent  downward,  and  as  it  formed  it  was  kept 
full  of  sedimentan  U-ds;  so  that,  at  the  close  of  the  Car- 
boniferous age,  the  distance  from  the  surface  to  the  original 
bottom  of  the  bent  crust  was  increased  by  7  mile-,  makin-r 

It     l<>7    mile-.       If,  then,    the    distance    down    to    the    t.  m  jM-rat  lire 

of  fusion  was  100  miles,  the  bottom  of  tin-  «ath  the 

trough  for  a  thickness  of  7  miles  must  have  been  wholly 
or  j>artly  melted  off.  The  crust  \\ould  have  Ix-en  trn-atl\ 
weakened  by  such  a  loss,  and  also  by  the  heat  |M-uet rating 
upward  into  it  ;  for  it  had  receded  no  conr-pondim:  increase 
the  7  index  ,,f  deposits  added,  since  these 
imt  wlu.llv  consolidated.  As  a  consequence,  the  pre^ure 
from  the  direction  of  the  ocean,  resulting  from  the  earth'- 
contraction  (page  89),  the  same  thai  had  hcen  makinir  the 
tn.n^li.  produced  finally  a  break  below  and  a  collapse,  and 
thereliv  a  pressing  togrther  of  the  thick  depots  |\iMLr  jn  the 
frmiL'h.  fnlduiLT  and  l»n  akniL'  them  :  and  MI:  the  upj>cr 

•:ice  above  its  previous  l,-\el.  ln-cause  the  \\idth  of  the  I 
«.n   which  they  rested  was  narrowed   In    the  rollapse. 

These  facts  respecting  the  formation  of  the  A  Moun- 

tains illustrate  the  wa\  in  which  other  mountain-  of  folded 
r<x-k<  have  Keen  mad.-.  The  (in-en  Mountain*  had  a  similar 
history:  tir-t,  a  -low  -uli-idin;_r  of  the  cru-t  inakinu'  :«  trouirh. 
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and  a  trough  that  was  kept  full  of  sedimentary  deposits,  and 
which  took  the  whole  of  the  long  Lower  Silurian  era  for  its 
completion  (probably  half  the  whole  length  of  Paleozoic 
time)  ;  then  a  break  below,  and  a  collapse  producing  folds 
and  fractures  throughout  the  region ;  contemporaneously,  the 
production  of  heat  as  a  consequence  of  the  friction  of  the 
folding  and  fracturing  rocks,  which  was  added  to  the  heat 
that  had  come  up  into  the  strata  from  the  depths  below  dur- 
ing the  sinking;  and  the  solidification  and  metamorphism  of 
the  various  rocks  as  a  consequence  of  the  heat. 

Mountains  were  made  in  Europe  and  Great  Britain  at  ( In- 
same  time  with  the  Alleghanies,  so  that  the  close  of  Palro/ou; 
time  has  its  mountain  boundary  elsewhere  besides  in  America. 

Changes  in  Paleozoic  Life  at  the  Close  of  the  Era. 

In  Paleozoic  time  Crinoids,  Brachiopods,  Cyathophylloid 
Corals,  Orthocerata,  Trilobites,  vertebrate-tailed  Ganoid  Fishes, 
and  Lepidodendrids,  Sigillarids,  and  Calamites  among  plants, 
were  characteristic  species  in  each  of  the  classes  to  which 
they  belong.  With  the  close  of  it,  Trilobites,  Lepidodendrids, 
and  Sigillarids  became  extinct;  Cyathophylloid  Corals,  Ortho- 
cerata,  and  vertebrate-tailed  Ganoids  nearly  so;  and,  after- 
ward, Brachiopods  among  Mollusks,  and  Crinoids  among 
Radiates,  were  greatly  inferior  in  numbers  and  importance  to 
other  types  of  more  modern  character.  It  is  thus  that  the 
Paleozoic  features  of  the  world  passed  by. 
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The  characteristics  of  the  following  era,  the  Mesozoic,  had 
in  part  appeared  before  the  Paleozoic  era  closed.  For  Am- 
H  and  true  Reptiles  were  then  in  existence,  —  Shrimps 
and  other  species  among  Crustaceans  and  Insects,  Spiders,  and 
Centipedes  among  Articulates.  And  the  grand  division  of 
plants  which  had  its  maximum  display  in  the  Mesozoic  — 
the  Cycafa,  of  which  an  account  is  given  beyond  —  had  some 
species  before  the  age  closed. 

The  extinction  of  species  at  the  close  of  the  Paleozoic  was 
so  nearly  universal  that,  thus  far,  no  fossils  of  the  Carbonif- 
erous age  have*  been  found  in  rocks  of  later  date.  But  the 
rocks  now  in  view  were  those  that  were  made  over  the  conti- 
nental seas,  and,  more  correctly,  over  only  portions  of  th<»r 
seas;  and  hence  they  gn<  u»  tact*  as  to  the  species  of  the 
ocean,  and  \m\  an  imperfect  record  of  those  of  tin-  eontinentnl 


III.      Mesozoic  Time. 

TIMF.  inelndes  onl\  one  age,  —  the  ago  of 
Tin-  M( -M»/oic  areas  on  the  maps  of  the  Tinted  Statrs  and 
l.ind.   IKIL''-    I11"*   and     17^,   an-    lined    olilirpirlv   from    tin-    riirlit 
above  to  the  left  below. 

Age  of  Reptiles. 

This  age  is  divided   info  tlm-e   jM-riods  :  — 

1  T  'ned  from  the  Latin  /r;//,  three,  in 

allusion  t..  the  fact  th.it  the  rocks  in  (iermanv  have  three 
subdivisions. 
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2.  The  JURASSIC  :  named  after  the  Jura  Mountains,  on  the 
eastern  borders  of  France. 

3.  The  CRETACEOUS  :  named  from  the  Latin  creta,  chalk,  the 
formation  including  the  chalk-beds  of  England  and  Europe. 

1.  Rocks. 

By  the  close  of  the  Paleozoic,  the  Interior  region  of  the 
American  continent  east  of  the  Mississippi  had  become  dry 
land.  Accordingly,  Triassic  and  Jurassic  rocks  were  formed 
only  on  the  Atlantic  border  east  of  the  Appalachians,  and 
over  the  western  half  of  the  continent  beyond  Missouri. 

These  rocks  on  the  Atlantic  border  cover  long  narrow  areas 
parallel  with  the  Appalachians  from  the  Gulf  of  St.  Lawrence 
southwestward.  One  of  them  lies  along  the  east  side  of  the 
Bay  of  Fundy ;  another  in  the  Connecticut  valley  from  Northern 
Massachusetts  to  New  Haven  on  Long  Island  Sound ;  another, 
commencing  in  the  region  of  the  Palisades,  extends  through 
New  Jersey  and  Pennsylvania  into  Virginia;  and  others  occur 
in  Virginia  and  North  Carolina.  These  areas  are  indicated  on 
the  map  on  page  105. 

The  rocks  are  mainly  red  sandstones.  In  Virginia,  near  Rich- 
mond, and  in  the  Deep  River  region,  North  Carolina,  there  are 
thick  beds  of  good  mineral  coal.  They  contain  no  marine  fos- 
sils ;  the  few  that  occur  are  either  brackish- water  or  fresh -water. 
It  follows,  hence,  that  the  long  narrow  ranges  of  sandstone  were 
formed  in  valleys,  parallel  witli  the  Appalachians,  into  which, 
for  some  reason,  the  sea  did  not  gain  full  entrance. 
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In  Western  Kansas,  and  farther  west  over  the  Rocky  Moun- 
tain region,  there  are  red  sandstone  strata  of  greut 

i  contamini:  Lr\  JMHN,  lint  ireneralK  without  fo^iU,  that  are 
regarded  as  Triassic.  Fossils  have  Ix-en  found  in  rocks  of  tin- 
jM-riod  in  Califoniia,  and  also  in  HritMi  Columbia  an. I  A! 

.lura  — ie  beds,  \viih  marine  fo—iU,  i. \i-rln-  the  Triassic  of  the 
Rocky  Mountain  region,  west  of  the  summit,  making  in  part 
tin  \\ahsatch  Mountains,  the  Sierra  Nevada,  and  oih.-r  ranges. 

At  the  close  of   the    Jurassic  period   a   great   geographical 
rhange  took  place  in  Eastern  North  America  and  also  west  of 
the    Mi**ix>i|,]>j  ;    lor    in   the  Cretaceous    period    beds  full 
marine  fottiU   were    forming    all    along    tin-    Atlantic    border 
south  of  New  York,  and  over   a  wide  region    bordering  the 

(illll  Up     the     Mississippi     Valle\.    In    thr    month    of 

the  Ohio;  from  Texas  northward  over  Kansas  and  a  large 
part  of  tin-  eastern  slope  and  summit  region  of  the  |{«.ek\ 
Mountar  pi  reaching  to  the  Arctic;  and  also  alonir 

the    IVitie    border  west  of  the  Sierra  Nevada.    The  outline 
the  continent    when   these  beds  were   in    pro<rre«   i<   shown 
in  the  aeeomponying  map  (Fig.   182),  the  shaded    portion   be- 
ing the  jKirt   that   was  then   under  water,  tilled   with  Cretaceous 

nig  Cretaceous  deposits  of  sediment. 
Oetaceous  beds  are   n 
stones,    partly  compact    -hell-bed*    and    ••  rotten 

with    hard    limestone   in    Texas,   and   chalk    in    \Ve-tern 

abundant,  and  thev  p-nerall\   indi«-ati-  -li.illow 
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waters.  Over  the  Rocky  Mountain  region  the  beds  are  in  some 
places  10,000  feet  above  the  sea;  showing  that  the  mountains 
have  been  elevated  to  this  extent  since  the  beds  were  made. 

Fig.  182. 


North  America  in  the  Cretaceous  Period. 
MO,  Upper  Missouri  region. 

In  Great  Britain  the  Triassic  beds  (No.  6  on  the  accom- 
panying map,  Fig.  183)  were  red  argillaceous  sandstones  and 
clay  rocks  (marlytes)  formed  in  a  partly  confined  sea-basin.  At 
Cheshire  they  contain  a  bed  of  rock-salt  derived  from  the  evapo- 
ration of  the  waters  of  the  sea-basin.  The  Jurassic  rocks  con- 
sist, below,  of  a  limestone  called  the  Lias  (No.  7  a] ;  other 
8*  L 
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IO80ZOK    TIMK 


Thot*  Kor<)  MttkaOy  (»L  DrrooiML     TboM 


M  to  i%ta  (.0,  ill  Tcntery.    A  to  LoMto  ;  B.  Uwpeol  ,  C.  M«KfcaU»  »  D. 

'lies    above     called  part    of    which    i- 
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coral-reef  limestone,  showing  that  there  were  coral-reefs  in  the 
British  seas  of  the  era ;  and  near  and  at  the  top  of  the  series, 
fresh-water  or  soil  beds,  called  the  Portland  dirt-bed,  and  the 
Wealden  (No.  8).  The  oolyte  is  so  named  from  the  occur- 
rence of  beds  of  limestone  which  are  made  of  minute  spheri- 
cal concretionary  grains,  of  the  size  of  the  roe  of  a  small 
fish,  the  word  coming  from  the  Greek  for  egg. 

As  the  Jurassic  ended  there  were  large  areas  of  dry  land  and 
marshes  in  Southeastern  England.  But  with  the  commence- 
ment of  the  Cretaceous  period  there  was  a  new  submergence, 
and  green  and  gray  sand-beds  were  accumulated,  followed  by 
a  deeper  submergence  and  the  formation  of  about  1,200  feet 


Rhlzopods. 
Fig-  184.  Lituola  nautiloidea ;  185,  Flabellina  rugosa  ;  186,  Chrysalidina  gradata  ;  188,  Cuneolina  pavonia. 

of  chalk,  the  upper  part  containing  flint  nodules.  The  chalk 
consists  very  largely  of  the  shells  of  Rhizopods,  species  not 
larger  than  fine  grains  of  sand,  some  of  which  are  here  fig- 
ured, much  enlarged;  and  since,  as  stated  on  page  34,  similar 
beds  of  Ehizopods  are  now  in  progress  over  the  bottom  of 
the  Atlantic  west  of  Ireland,  and  the  Sponges  and  some  other 
fossils  of  the  chalk  are  probably  deep-water  species,  it  is  be- 
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lirvrd    that    iln-    chalk    was  formed   .it    .1.  j.ih-   not    !••- .   than 
et     Tin-   linn   of  tin-  chalk  was  made  from  thr   M!J- 
ceous  Sponges,  spicules  of  Sponges,  and  Diatoms  of  the  sane 
sea-bottom. 

2   Life. 

L  Plants.  —  The  forests  of  Mesozoic  time  contained  ConilVr- 
and   Tree-Ferns,  like   the  Carboniferous,  but    were   especially 

I     .       !- 


characterized   by  Cycath,  —  phmt^    that    |....k«-i|    like   I'.i 

the    figure    on   page    1^  '  -j>.  rui-.   like 
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the  Conifers.  Hence  the  forests  of  the  early  and  middle 
Mesozoic  consisted  chiefly  of  Tree-ferns,  Conifers,  and  Cycads; 
and  where  the  Tree-ferns  and  Cycads  predominated  the  aspect 
was  much  like  that  of  modern  groves  of  Palms. 

Figs.  189-192. 


Angiosperms  (or  Dicotyledons). 
Fig.  189,  Leguminosites  Marcouanus  ;  190,  Sassafras  Cretaceum  ;  191,  Lirimlendron  Meekii  ;  192,  Salix  Meekii. 

In  the  Cretaceous  beds  occur  the  first  evidence  of  the  ex- 
istence, in  the  world,  of  actual  Palms  and  of  plants  and  trees 
now  so  common,  related  to  the  Elm.  Maple,  and  other  trees 
with  net-veined  leaves,  —  species  which  have  the  seeds  in  a 
seed-vessel,  and  which  are  therefore  called  Angiosperms,  from 
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n-ek  for  vessel  and  seed.     A  few  leaves  from  tin-  Creta- 
ceous of  the  United  States  are  represented  in  Figs.  189  to  192. 
The  forests  still  had  in  some  places  their  numerous  Cycads; 
but  their  general  character  was  changed,  and  for  the  first  time 
they   looked   modern. 

2.  Animal*  —  The  Corals  and  other  Radiates  had  for  tin 
most  part  a  general  resemblance  to  those  of  the  present  era, 
although  all  were  extinct  and  mostly  of  extinct  genera.  Tin 
same  is  true  of  the  Mollusks,  and  yet  some  kinds  under  these 
classes  were  especially  Mesozoic  in  type. 

This  is  eminently  true  of  the  higher  division  of  Mollu>k-, 
the  Cepkalopodt.  The  chambered  shells  of  this  mix,  n  pn - 

sented  by  Orthocerata,  Nautili,  and 
some  related  species  in  the  Silurian, 
were  in  vast  numbers  under  the 
type  of  Ammonites,  while  there 
also  many  Nautili.  Pig.  193  repn- 
sents  a  front  view  and  194  a  >id«- 
view  of  one  of  the  earlier  of  tins. 
Ammonites,  —  a  Triassic  species. 
The  animal  occupied  the  outer  cham- 
ber  of  thr  shell,  as  in  the  Nauti- 
lus (Pig.  110,  page  123).  Pig.  193 
|ur:i'iM!i  \\hi.-ii  WM  the  bottOB  «•!'  ihi-  -ut.-r  cham- 
ber. Around  its  >i(l,->  j!  pocket-like  depressions  into 
which  tl.  •'!(•  animal  descended  \<,  enable  it  to  hold 


HIT-.   I'.ri.   I'-'l. 
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on  to  its  shell.  Two  other  species  of  Ammonites  are  repre- 
sented in  Figs.  195-197.  Fig.  196  shows  the  pockets  in  the 
outer  chamber  of  195.  Fig.  197  represents  a  species  with  the 
outer  edge  unbroken  and  much  prolonged.  The  pockets  are 
depressions  in  the  partitions  at  their  margins.  There  were 
some  Devonian  and  Carboniferous  species,  called  Goniatitet,  that 

Figs.  195  - 197. 


196 


Cephalopoda. 

Fig.  195,  Ammonites  Bucklandi,  from  the  Lias  ;  196,  same  in  profile,  showing  outer  chamber  and  its  pockets ; 
197,  A.  Jason,  from  the  Oolyte. 

had  such  pockets,  but  the  pockets  were  simple  in  outline; 
those  of  the  Ammonites  are  very  irregularly  plicated  within. 
Their  complicated  outline  is  well  shown  in  Fig.  198,  repre- 
senting the  series  along  half  the  margin  of  a  partition  in  a 
Cretaceous  species,  the  shaded  part  a  to  b  being  half  of  the 
series  of  pockets,  twice  the  natural  size,  and  b  b  the  middle 
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line   of  the   back  of  the   shell.     Among    tin     Ammonites   of 
etaceous  there  were  species  four  feet  in  diameter. 


Besides  these  there  were  other  kinds  of  (  ephalopods  having 
internal  shells  or  bones  and  called  Bel  rum  it™.     One  of  these, 

from  tin  BI  of  New  Jersey,  i-  n-pn-M utr.l  \\\  \'\^.  |:»:t, 

hut,  as  usual  with  tin-  fos-.il>.  it  is  imperfect,  tin-  upper  slm- 
der  part  .being  broken  off.  Pig.  200  shows  a  side  view  of 
the  bone  complete,  as  it  has  been  found  in  some  sp« 
The  bone  has  the  same  relation  to  tin-  animal  as  the  pen 
(Pig.  202)  in  the  modern  Squid  (Fig.  201),  it  being  internal 
and  Ivinu'  in  tin-  mantle  aloiii:  the  back;  the  animal  of  the 
Helemnite  \va>  much  like  a  Sipiid. 

These  Cephalopods  were  in  great  numbers  in  the  seas,  om 
a  thousand  species  having  been  found  fossil.  In  \  i«-\\  of 
their  ahun. lance  it  is  a  remarkable  fact  that  no  Hrlcmnite 
and  only  one  Ammonite  is  known  to  have  lm-d  after  tin- 
close  of  the  Cretaceous,  and  "«•  h.r  Irm-e  that  h\  the 
clow  of  the  fir-t  jM-n<Ml  of  the  Ternary  evm  one  u.i>  In  MIL'. 
iu'hi-st  of  Mollu-k-  tlui-  |)a»ed  their  climax  diirmir 

the     MesU/(,|e    .M. 
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The  Vertebrates  included  not  only  Fishes  and  Reptiles,  like 
the  Carboniferous  age,  but  also  Birds  and  Mammals. 

Figs.  199-202. 


Cephalopoda. 

Fig.  199,  Belemnitella  mucronata,  broken  at  top  ;  200,  a  Belemnite  with  the  upper  part,  a  *,  perfect ;  201, 
modern  Calamary  or  squid,  Loligo  vulgaris  ;  202,  pen  or  internal  bone  of  same. 

Fishes.  —  Ganoids  and  Sharks  were  the  prevailing  kinds  of 
the  Mesozoic  until  the  Cretaceous  era,  and  then  fishes  of 
modern  type  —  Herring,  Salmon,  Perch,  and  the  like  —  were  in 
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great  numbers,  —  species  that  have  bony  and  not  cartilaginous 
skeleton-,  and  which  are  therefore  called  TeliosU,  meaning 
bony  throughout.  They  include  the  common  edihlc  >|M-cies. 

The  Ganoids  lo-t    their  tails,  tliat  is,  the  vertchrated  char- 
acter of  the  tail- tin,  in  the  first  period  VfetOfOtO,     x 
species  had  then  a  vertebrated  tail,  some  half- \ertcbrated,  and 
others  non-vertebrated,  that   is,  had  merely  a  caudal   tin;   but 
alter  the  Triassic,  all  were  of  the  modern  non-vertebrated  t\|>< -. 

Reptiles. —  Reptiles  were   the   dominant  .t    the  era 

through  all  the  periods. 

In  the  Triassie,  the  Amphibians  were  of  great  size,  as  shown 
by  their  footprints  on  the  sandstones  of  the  Connecticut  val- 
ley and  at  some  other  localities  and  al-o  h\  the  bone*  that 
have  occasionally  been  found.  Some  of  the  largest  of  them 
walked  as  l>i]>eds  on  feet  that  made  tracks  16  Jo  20  inches 
long  and  nearly  as  broad,  and  with  a  stride  of  three  feet, 
indicating  a  bright  of  at  least  10  or  12  feet.  IV 
shows  the  form  of  the  impressions.  The  tracks  of  the  much 
smaller  forefeet  are  occasionally  found,  showing  that  thi-  huge 
biped  Amphibian  sometimes  brought  them  to  the  ground;  tin- 
form  i-  -In. \vn  in  Fig.  203  a.  Twenty -two  consecutive  track- 
thrsr  bipeds  were  laid  open  in  1874  at  one  of  the 
quarries  of  Portland.  Connecticut.  Other  -perios  have  smaller 
.d  some  are  less  than  h.df  an  inch  long. 

I      \ni|ihihia!i-     of    (In-    era     \\alke.l     oil     all     foil 

.    rvprex-nl    the    track-  of  .1    hind    foot    .md    foil 
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of  one  kind,  and  205,  205  a  those  of  another,  both  from  the 
Connecticut  valley. 


Figs.  203-206. 


Tracks  of  Amphibians  and  True  Reptiles. 

Amphibians:   Figs.  203,  2033,  Otozoum  Moodii  (X  /'•);  204,  2043,  Anisopus  Dewyanus  (X  J4);  205,  205  a. 
A.  gracilis  (X  #).  —  True  Reptile:  Fig.  206,  206  a,  Anomoepus  scampus,  a  Dinosaur  (X  '/&). 

All  the  Amphibians,  there  is  reason  to  believe,  had  large 
teeth  and  scale-covered  bodies,  like  the  Amphibians  of  the 
Carboniferous  age.  A  tooth  of  a  related  four-footed  species 
from  Europe  is  shown  two  thirds  the  natural  size  in  Fig. 
207.  The  head  of  the  Amphibian  that  was  thus  armed  was 
over  2  feet  long,  and  three  fourths  as  broad. 

There  were  also  true  Eeptiles  of  various  kinds.  One  division 
of  them,  called  Dinosaurs  (meaning  terrible  lizards),  had  the 
hinder  feet  three-toed  like  those  of  birds.  The  tracks  of  one 
from  the  Connecticut  valley  sandstone  is  shown  one-sixth  the 
natural  size  in  Tig.  206.  They  walked  usually  on  their  hind 
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legs,  like  bipeds,  but  sometime-  put  their  fureieet  d«.wn.  These 
were  four-toed.  The  print  of  tin-  forefoot  of  this  species  is 
npn  xrntrd  in  Fig.  206  a. 

There  are  many  kinds  of  three-toed  track- 
the  Connecticut  \ulley  sandstone  which  h.i\< 
never  been  found  associated  with  tracks  of  tin- 
forefeet;  and  as  they  have  precisely  the  f«»rm 
of  those  of  birds,  th<  \  have  been  regarded  bird- 
Hut  they  may  have  been  all  made  by 
these  bird-like  K«-ptilr>. 

Some  of  the  Dinosaurs  of  the  .Im.i^u  and 
(  retaceous  periods  better  deserve  the  name  of 
The  Megalvxaur  was  a  huge 
carnivorous  reptde  ;»:>  t<>  ;30  feet  long;  the  lyuanodon  and 
//  -  TS  were  vegetable  eaters,  fully  ;is  large. 

Another  <li\i>ion   included  Enaliotaurs,  or  the  Sea-Saurians, 
win.  -h  had  paddles  like  whales,  and  were  12  to  50  feet  long. 


. 


'  )ne   kind,  calli  d   /   I 

had    n    >h<>rt     lieek.   .t     \er\     l.i!  id     thill    \ertelinr 
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on  both  sides  (Fig  208  a),  much  resembling  those  of  fishes. 
One  species  was  30  feet  long.  Another  kind,  called  Plesiosaurs 
(meaning,  somewhat  like  a  lizard),  had  a  long  snake- like  neck 
(Fig.  209),  short  body,  and  vertebrae  as  long  as  broad. 


Fig.  209. 


Plesiosaurus  dolichodeirus  ( X  Xo). 
a,  one  of  the  vertebrae  ;  bt  profile  of  same. 


A  third  division  included  the  Mosasaurs,  —  snake-like  rep- 
tiles, 15  to  80  feet  long,  with  short  paddles,  jaws  sometimes 
a  yard  long,  and  the  lower  jaw  peculiar  in  having  an  elbow- 
joint  to  fit  it  to  be  used  like  an  arm  for  working  the  carcass 
of  a  great  beast  down  its  enormous  throat.  They  had  power- 
ful teeth ;  one  of  them,  about  half  the  size  of  the  largest,  is 
represented  in  Fig.  210.  Several  species  have  been  found  in 
the  Cretaceous  beds  of  New  Jersey  and  Kansas,  along  with 
Hadrosaurs,  Dinosaurs,  and  other  kinds. 

A  fourth  division  included  Crocodiles,  with  long  slender  jaws 
like  the  Gavial,  the  crocodile  of  the  Ganges. 
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A  fifth  division  im-luded  lUintr  Kennies, 
called  PUrotaurt  (from  the  Greek  for  winged 
Saurian).  One  of  them,  reduced  to  one 
fourth  the  natural  size,  is  represent**!  in  Fig. 
211.  The  wing  is  made  by  tin  elongation 
of  one  of  the  fingers  and  the  expansion  of 
the  skin  from  the  side  of  the  bod)-.  Some 
species  from  Kansas  had  an  expanse  of 
of  24  or  25  feet.  They  had  the  habits  of 
bats. 

Thus    i he    age    was    literally    an    age    of 
Reptiles.     Air,  earth,  and  seas  were  all  oem- 
pied  by  them,  and  by  species  of  great  mag- 
nitude,  among    them    those   of    the    hiirlu >t 
grade.      The   Reptilian   type    thus    had    its 
display  in  Mesozoic  time. 
Birds.  —  A  bird  with    it-   Lathers  has  been   found  fo-il   in 
the   O'.hte  of  Solenhofen,  (iermam  ;    and    bones   of  a   number 
in  the  Cretaceous  of  tin-  Tinted  States.     The  Solen- 
hofen  bird  had  a  long  tail,  furnish* d  with  a  row  of  long  quill- 
either  -id.-.     A    Kansas  species,  described   by  Professor  Ma r>h. 
had  teeth  tet  in  tockeU,  —  a  striking  R4>ptilian  (har.Kter. 

Mammal*  —  I^ones  from   a   few   species   of  Mammals   )ta\< 
been   found,    •  -t    in    the   Tria>-i«-  '  ii-rmany   and 

North  Carolina.      Fiir.   ~l~    n-pn>en-  -Imni-  from   \nrth 

Carolina.      'I  he   remain-    >\   other  n-lat«'d    kind-   have  hren   fmind 
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in  the  Oolyte  at  Stonesfield,  England,  and  also  in  the  Upper 
Oolyte   in   the    Purbeck    beds.     The    species    are    Marsupials, 


Fig.  211. 


Pterosaur. 
Fig.  2n,  Pterodactylus  crassirostris  (X  X). 

that  is,  mammals  related  to  the  Opossum  and  Kangaroo;  they 
are  peculiar  in  having  a  pouch  (Marsupium,  in  Latin)  on  the 
under  side  of  the  body,  over  the  breast  of  the  mother,  for 

Fig.  212. 

^^M*^ 


Dromatherium  sylvestre. 


receiving  the  young,  which  are  bom  in  an  immature  state. 
Nearly  all  modern  Marsupials  are  confined  to  the  continent  of 
Australia;  a  few  exist  still  in  America. 
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all  tin-  classes  of  Vertebrates  had,  in  Mesozoic  tune, 
their  species,  even  to  Ilirds  and  Mammals.  As  early  as  tin 
Triassic,  its  first  period,  the  Amphibians  passed  their  climax 
in  numbers,  size,  and  grade,  little  IM-IIII;  al'trrwanl  known  of 
the  hnire  scale-covered  tribe;  and  during  its  following  periods 
true  lleptiles  had  their  time  of  greatest  expansion,  giving  a 
LT  i;«-[.iili.m  character  to  the  Reptilian  age.  But  the 
Hirds  and  Mammals  which  appeared  in  the  age  were  only  tin 
commencement  of  tribes  that  wnv  to  reach  their  fullest  di<- 
play  in  later  time.  Moth  the  early  Uinls  and  Mammals  had 
marks  of  inferiority,  and  ak>  characteristics  that  showed  some 
relation  to  the  Reptiles  with  which  they  lived.  Thus  the 
ll  h;id  loni:  t ,nK.  and  some,  at  least,  true  teeth  like  Kep- 
tiles;  and  the  Mammals  have  been  called  semi-oviparous t  that 
i-.  kinds  whose  young  were  in  an  immature  state  when  born, 
approximating  in  this  respect  to  the  egg  state,  which  is  an 
example  of  an  extreme  degree  of  immaturity.  It  U  dso  a 
fact  of  interest  that  among  Reptile*  the  Dino^mr-  were  like 
birds,  not  onl\  in  their  biped  mode  of  locomotion.  Imt  in  tin- 
special  way  by  which  they  were  adapted  to  this  kind  of  pro- 
gression ;  for  the\  had  the  same  kind  .*  Kink  tin- 
same  number  of  to,--*,  the  same  number  of  joint-  t..  the  aev- 
toes,  also  hollow  bones  in  part,  a  somewhat  similar 
lure  in  tin-  hinder  p.»rt  of  ih«-  -ke|rt..n  t..  which  the  leg- 
bones  are  articulat<  ther  |>oints  of  n--emU. 

The    progress    III    the     life    of     the     World      in      Meso/oic    time    1" 


REPTILIAN  AGE.  193 


also  seen  in  the  fact,  that  with  the  opening  of  its  third  period, 
Sharks  and  Ganoids  were  no  longer  the  only  fishes,  the  mod- 
ern tribes  having  made  their  appearance;  and,  too,  Conifers, 
Tree-ferns,  and  Cycads  were  not  the  only  forest-trees,  for  al- 
ready Palms  and  Angiosperrns  had  added  vastly  to  the  variety 
of  foliage  and  to  the  richness  of  the  flowers  and  fruits.  Of 
lines  of  transition  from  the  older  trees  up  to  these  Palms  and 
Angiosperms  nothing  is  known. 

The  old  law  of  change  characterized  the  life  of  Mcsozoic 
time.  New  fossils  are  found  in  every  successive  rock-stratum, 
and  also  older  kinds  are  missed.  The  system  of  life  was  in 
course  of  expansion  by  the  introduction  of  new  species  and  a 
casting  off  of  the  old. 

3.    Mountain-making  in  Mesozoic  Time. 

The  Sierra  Nevada,  Wahsatch,  and  some  other  ranges  of 
the  western  slope  of  the  Rocky  Mountains  were  made  at  the 
close  of  the  Jurassic.  All  the  strata  there  existing  from  the 
bottom  of  the  Silurian  to  the  top  of  the  Jurassic  were  folded 
up  in  the  making  of  the  Wahsatch  Mountains,  and  probably 
in  that  of  the  Sierra  Nevada. 

In  the  course  of  the  Jurassic,  or  at  its  close,  the  Triassic 
(or  Triassic  and  Jurassic)  rocks  of  the  Atlantic  border  (Con- 
necticut River  valley  and  elsewhere)  were  slowly  tilted;  and 
then  occurred  a  great  number  of  deep  fractures,  mostly  par- 
allel in  course  to  the  direction  of  the  areas  of  the  sandstone, 
9  M 
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which  ujx-iictl  (Inwii  to  a  region  <»!'  li(jui(l  roek  ;  for  the  li<|iinl 
rock  came  to  the  surface  and  cooled,  and  now  constitutes 
IIMMV  ridges,  such  as  Mount  Holyoke,  Mount  Tom,  tin-  Pali- 
sades on  tin  Hudson,  and  others  between  Nova  Scotia  mi 
th<-  north  and  South  Carolina.  During  the  formation  of  tin- 
sandstone  a  slow  sinking  was  in  progress,  as  is  proved  by  the 
footprints  on  the  surfaces  of  layers  and  other  markings,  these 
showing  that  the  layers  —  originally  mud-flats  and  sand-flats 
of  an  estuary  —  were  *ucccs9wely  at  tin-  water-level.  Tin- 
sinking  brought  a  strain  on  the  rock-made  bottom  of  the 
trough,  and  ended  in  a  breaking  of  the  cru>t,  and  thence 
came  the  ejections  of  trap.  The  trap  resembles  the  <ool«<l 
rock  of  most  volcanoes,  but  is  commonly  much  more  compact. 

IV.      Cenozoic  Time. 

CENOZOIC  TIME  comprises  two  Ages :  — 
I.  The  TERTIARY,  or  AGE  OF  MAMMALS. 
1 1    The  QUATERNARY,  or  AGE  OP  MAN. 

I.    The  Tertiary,   or  Age  of   Mammals. 

The  Tertiary  age  has  been  divided  into  thn  (1) 

the  EOCENE;   (2)    th.  -lie   h.i.x  KNK.     Theee 

terms  signify,  severally,  (1)  the  dawn  of  th. 

leu  recent;  (3)  the  more  ivr///.  The  area-  i  iry  rocks 
in  North  Ameriea  and  Kiiifland  are  distinguished  on  the  maps, 
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pages  105  and  114,  by   being  lined   from   the   left  above  to 
to  the  right  below. 

1.    Rocks. 

In   the   accompanying   map    the   white    area    represents   the 
dry  land  of  the  continent  in  the  Eocene,  or  early  part  of  the 

Fig.  213. 


Map  of  North  America  in  the  early  part  of  the  Tertiary  Period. 

Tertiary.  Only  the  borders  of  the  Atlantic,  the  Gulf  of 
Mexico,  and  the  Pacific  (the  shaded  portions)  were  covered 
by  the  sea,  and  over  these  parts  Tertiary  rocks  were  forming 
through  marine  action  aided  by  the  contributions  of  rivers. 


196  CKNOZOIC  TIME. 


Tin-  p-ographieal  changes  since  the  o|N HHIL'  <•!  tin-  (Jreta- 
ceous  |M-riod  were  great,  as  will  be  seen  by  comparing  the 
map  \Mili  tlini  on  |>age  177.  The  Rocky  Mountain  region 
was  now  abme  the  sea.  Tin  i'  the  eastern  jmn 

tin-  continent,   «»r    tho-e    contributing  :ment    lo 

the  Atlantie.  had  two  thirds  or  more  of  tlieir  i>re-< nt  extent  ; 
hut  the  Ohio  and  Mississippi  were  still  mdejM-ndmi  itnUBt, 
eiiijnvini:  toiretlier  into  an  arm  of  the  Mexican  (Julf.  Tin- 
Missouri  and  other  western  streams  were  just  beginning  to 
be.  The  Mountain  region  but  slowly  emerired.  and  till  near 
the  close  of  the  Tertian  there  were  great  hike-  iiM.-ad  «.f 

great      Hxers.         In     the     Koeene     the     lake-     oeeupjed     the     (Jn-i'll 

r  and   ..ther   -uninnt    l»a-m-.      Afterward    th«\    wen     farther 
east  and  west,  and   in   the  Pliocene,  as    Mar-h   states,  a  lake 
uded    from    Northern    Nebraska   to   Texas.      The 

•itl\    ineliidf-.    fn.m    it-   Ix'irimiintr,   \ 
well  as  marin<-  formations. 

Marine  Tertiary  beds  of  the  Eocene  period  w<  n    torn 
the    Atlantic   border  -<>uth   of    New   York,  and    on    the   borders 
M     M,  \iraii    (iulf;    but    Miocene    only   on    the    Atlantie    bor- 
der,   some    change    of    level     haunt:    excluded     them     from    the 
(iulf    border  and    Pliocrm     alotiir    the    coast 

region  of  South  Carolina,  thouirh  of  thi>  then-   i-  doubt.     On 
the  Pacific  border  there  an-  marine  In-d*.  both   of  tl;< 
and  Miocene  periods;  the  latter  an    m.,-t   e\tensi\e. 

I'mlrnii-ath  the  Marine  M.H-ene  l»ed>  of  the  Lower  M!-I-I|>|>I 
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there  are  Lignitic  beds,  that  is,  beds  containing  lignite  — 
a  kind  of  mineral  coal  retaining  usually  something  of  the 
structure  of  the  original  wood  —  alternating  with  beds  that 
are  partly  marine,  the  whole  indicating  that  fresh-water  marshes 
there  alternated  with  fresh- water  lakes  and  salt  seas;  for  the 
Lignitic  beds  were  once  beds  of  vegetable  debris  such  as  are 
formed  in  marshes. 

Fresh-water  Tertiary  beds  cover  large  areas  over  the  Rocky 
Mountain  summit  region,  and  its  eastern  slope,  as  well  as 
part  of  its  western  in  Oregon  and  elsewhere.  They  were 
formed  in  and  about  the  great  lakes  alluded  to  above.  Im- 
mense numbers  of  bones  of  mammals  and  many  entire  skele- 
tons are  contained  in  these  beds,  showing  that  the  shores  of 
these  lakes  were  the  resort  of  wild  beasts,  some  of  them  of 
elephantine  size.  In  the  Green  River  basin  and  other  parts 
of  the  summit  region  the  beds  are  Eocene;  while  over  the 
eastern  slope  they  are  mostly  Miocene  and  Pliocene,  the 
latter  of  widest  extent. 

Underneath  these  fresh-water  beds  over  the  eastern  slope 
in  the  region  of  the  Upper  Missouri,  and  far  north  in  British 
America,  as  well  as  far  south,  there  is  a  Lignitic  formation 
which  is  partly,  especially  below,  of  brackish-water  origin; 
and  these  are  equivalents  of  the  Lignitic  beds  below  the 
marine  Eocene  of  Mississippi.  Over  the  summit  region  of 
the  mountains  the  Lignitic  formation  has  a  thickness  of  sev- 
eral thousand  feet,  and  instead  of  Lignitic  beds  there  are  val- 
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uable  beds  of  mineral  coal.     There  are  ma  rim,  hr.uk: 
and  fresh-water   strata    in  tin-  formation,  tin-    latter    mainly  in 
tlu-  ii|i|>rr  part.     Tin-  coal-beds  occur  in    \Y\oming,  Utah,  ami 
•ailo.  and  some  of  tin-in,  opmed  near  th<-   l'a<  itic   Railroad, 

il  lor  its  locomotives.  These  beds  overlie  t lit-  < 
taceous  beds  conformably,  and  the  latter  also  have  .similar  coal- 
beds;  so  that  the  Cretaceous  deposits  and  era  here  blend  with 
the  Tertiary.  Moreover,  a  very  few  Cretaceous  shells  occur  in 
some  of  the  marine  beds  and  the  remains  of  some  n-pnl.- 
related  to  the  Cretaceous  Dinosaurs.  The  great  majorin  of 
the  fossils  are  Tertiary  in  aspect  and  genera,  and  the;. 
therefore  here  referred  to  the  Eocene,  although  regarded  as 
Cretaceous  by  some  geologists.  These  Li^mtie  beds  and  the 
underlying  Cretaceous  were  all  upturned  together  in  one 
mountain -making  effort,  before  the  fresh- water  K<><  <  m  beds 
of  the  (ireen  RI\«T  ha>in  were  deposited. 

In  (Jreat  Britain  there  are  marine  Kneme  Tertiary  beds  in 
the  "London  basin,"  and  next  a  thin  IMior,  m  -tratnm,  no  ina- 
rm- existing  there.  Over  Kn rope  and  Asia  the  Kocene 
formation  was  widely  distributed,  showing  that  tlm*e  continrnN. 
even  as  late  as  the  early  Tertian,  wen-  lar^-h  imd-r  tin- 
sea.  The  Pyrenees,  portions  of  the  Alps,  Apennines,  Carpa- 
thians, and  mountains  in  Asia  were  partly  made  of  them. 

beds  in  many  places  contain  the  e«>in--ha|KMl  fnr.unin 
(Bhizopod    shells)    e.dled     .N"»///////////^-.»,    \ar\ins;    from    half    an 
•.ne   inch   or   more   in    diameter ;    and   the    limestoiir   of 
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which  some  of  the  Egyptian  pyramids  are  built  is  made  up 
chiefly  of  Nummulites.  One  of  them  is  shown  in  Fig.  214; 
the  exterior  is  represented  as  removed  from  part  j^.  2U. 
of  the  interior  to  show  the  cells,  which  were  once 
occupied  by  the  minute  Rhizopods.  Some  species 
of  a  related  genus  occur  in  modern  coral  seas. 
They  must  have  been  exceedingly  abundant  over 
the  great  continental  seas  of  the  Tertiary.  Miocene  beds  have 
a  thickness  of  several  thousand  feet  in  Switzerland  (consti- 
tuting the  Rigi  and  some  other  summits),  and  occur  in  many 
other  parts  of  Europe;  but  they  are  limited  in  area  com- 
pared with  the  Eocene.  Marine  Pliocene  beds  are  of  still 
less  extent,  yet  have  a  thickness  in  Sicily  of  3,000  feet. 

The  marine  Tertiary  rocks  are  very  various  in  kind.  The 
larger  part  are  soft  sand-beds,  clay-beds,  and  shell  deposits, 
the  shells  often  looking  nearly  as  fresh  as  those  of  a  mod- 
ern beach.  Others  are  moderately  firm  sandstone.  There 
are  also  loose  and  firm  limestones.  The  green  sand  called 
"marl,"  used  as  a  fertilizer,  which  is  so  characteristic  of 
the  Cretaceous,  also  constitutes  beds  in  the  Tertiary  of  New 
Jersey. 

The  fresh-water  beds  are  like  the  softer  marine  beds, 
but  contain,  of  course,  no  marine  shells.  Part  of  them  are 
quite  firm;  but  others  are  easily  worn  by  the  rains.  Some 
great  areas  in  the  Rocky  Mountain  region,  both  over  the 
summit  and  the  eastern  slope,  have  been  reduced  'in  this  way 
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to  areas  of  isolated  ridges,  towers,  pinnacles,  and  table-topped 
liill>,  tint  are,  mostly  barren,  owing  to  the  dry  climate,  and 
which  an  therefore  called* "  Bad  Lands/'  or  in  IVnch  (in 
which  language  the  ex,  was  first  applied),  "  Mnuvaises 

2.  Life. 

'I'll.-  lit'.-  of  the  Tertiary  age  shows  in  all  its  tribes  an  ap- 
proximation to  that  «•!'  tin*  present  time.  Tin-  mamin*l>,  and 
probably  the  birds,  are  all  of  extinct  >j>«  it  s.  Bm  among 
the  plants  and  tin-  lower  orders  of  animals  then  were  man\ 
species  that  -nil  e\i>t  :  in  the  Eocene,  a  small  percentage 

the    Miocene,   25   to   40   per  Cent  ;     and    in    the    IMiueeile.   a    lime). 

larirer    proportion.      The  common    ovster  and   dam    \\.iv    Ininu 
•  ir  hack  as  the  Miocene  era,  along  with  a   larire   nniiilti  t 
of  shells  that    are   now  extinct    species.     Progress  through  the 
iry  era  was  gradual  in  all  departm. 

The  forests  of  North  America  were  much  like  the  modern, 
but  with  a  larger  proportion  of  wann-clim.ite  forms.  I'alms 
ll'.im-h'  and  in  Knirland  throuirli  tin 

In    the    \|i.,e,-ne    the    Kuropean    8]x «  -till    those 

warmer  climate  than  the  j)n-sent,  and  included  sonic  Australian 
species.     Even    in   the   Arctic    /one   then-   Mere    in  the    M 
great  forests  of  Beech,  Oak,  Poplars,  Walnut.   ;,nd    I 
(Sequoia,   the   p-mi>   to   wliieli   the   "  irreat    tree-."  -rnia 

belong),  with  Magnolias,  Aid.  r>.  and  ot 

The   modern   aspect   of   the    m.inne    shells   is   shown  in   the 
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following  figures:   Figs.   215-219,  of  American  Eocene   spe- 
cies,  and    220-223,    of   Miocene   from    the    Atlantic   border. 


Figs.  215-219. 


Eocene  of  Alabama. 

Fig.  215,  Ostrea  sellaeformis  ;  216,  Crassatella  alta ;  217,  Astarte  Conrad 
Turritella  carinata. 


18,  Cardita  planicosta ;  219, 


This  is  further  manifest  in  the  following  figures  of  fresh-water 
shells  from  the  Lignitic  beds  of  the  Rocky  Mountain  regions, 


Figs.  220-223. 


\ 


Miocene  of  Virginia. 

Figs.  220,  221,  Crepidula  costata ;  222,  Yoldia  limatula  ;  223,  Callista  Sayana. 

9* 


»0fl 


—  species  which   are  supposed   to   jir«.\«-  that    those  beds  are 
town*,     To  appn-eiate  the  change  since 


He. 


•:me.  tin-   reader  should  turn   h;u-k   to  tin-  tiirures  of 
-hells  <>n   |mgc3  121    in 

Tlie   rr»-rti;ir\     Vertebrate*    were    ni«»rr    unlike    ilu-    nuuli-n^ 

thiill       tll«-       ln\rr!flir;iti-<.  \ni.. liur 

li>lir-,  Sharks  urn-  .\reedingljr 
abundant,  and  ihrir  ir«-ih.  the  IIH.M 
enduring  part  of  tin-  >ki-l«-tuu.  ,.r. 
x»  r\  <  oiiiiuon  in  I  <•  I"  'I-  : 

and   tlm-..  itrd,  tn- 

ailgular     in     fi.nn.  --arly    88 

•  •    88    a     111:111'-     hand.      On- 
tin-    -inallrr   of  these  teeth   i-    rrjiiv- 
M-nt.-d   in   Fit:.  230. 

CHckvodm  iRtMliliiM  dllrs, 

Snakes,   gii:antir    and    Miiallrr   Turtlr>,   and    oil. 
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Among  the  birds  there  were  Owls,  Woodpeckers,  Cormo- 
rants, Eagles;  and  those  of  France  included  Parrots,  Trogons, 
Flamingoes,  Cranes,  Pelicans,  Ibises,  and  other  kinds  related 
to  those  of  warm  climates. 

The  Mammals  of  Mesozoic  time,  thus  far  discovered,  were 
probably  all  of  the  lower  order  called  Marsupials;  but  with 
the  opening  of  the  Cenozoic  era  there  were  true  Mammals. 
The  Eocene  beds  about  Paris,  France,  afforded  to  Cuvier  the 
first  specimens  described ;  and  now  they  are  known  from  all 
parts  of  the  world,  and  from  none  in  greater  variety  than  from 
the  fresh- water  Tertiary  region  west  of  the  Mississippi. 

The    earliest   kinds    were    related    most  nearly  to  the  mod- 


Fig.  281. 


Tapirrui  Indicus,  the  modern  Tapir  of  India. 


ern  Tapir  (Fig.  231),  Hog,  Rhinoceros,  and  Hippopotamus. 
There  were  also  kinds  between  these  and  the  Deer.  All  the 
above  mentioned  are  Herbivores,  that  is,  plant-eaters.  There 
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were  also   Carnivores,  or  fe*k-fatert,  related  to  the  dog  and 
wolf,  and  Monkeys  related  to  the  Lemurs. 

One  of  the  Herbivores  of  tin     !;.,« -k\    Mountain 
i hi-    /y///o/v/-,/.v  of   Marsh,  —  a  figure  of  the  skull  of  which   is 
here  given.      It   wa-   n«-arl\   ii  large  as  an  Elephant,  hut   had 


six   horn-   and    \va-    ,«,inr\vli;-it    n-latnl    to   tin-    l'ihiiio<-rr..v       I    g 

tllr      -kllll     of     our     of     thr       \l 

rvdo*, —  \\hirli    wa>    intrriiinliatr    in    diarart. -r-     I- 
the   Deer,  Canu-1,   and    Ilo^.     Tin-    form   of  a    Km 
ciea  more  like  a  Deer,  called   a     \  <n.  a>   re- 

stored   by    CUM.T,    in    I  Tli.i, 

through  the  Tertian  ;    I. in   \\liil.-  th<-  mod 
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one  toe  out  of  the  full  mammalian  number  five,  some  of  the 
Pliocene  had  three  toes,  one  large,  and  two  too  short  for  use ; 


.  238. 


Oreodon  gracilis 


Miocene  kinds  had  three  toes,  and  all  usable;  and  the  Eocene 
had  four  toes,  and  all  usable. 

Fig.  234. 


Xiphodon  graclle. 
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In    the   Miocene   and    Pliocene   there  were  Mastodons,   Kit-- 

phanN,   Rhinoceroses,  Camels,  and   Monkeys   over  the   Rocky 

.  Mountain  region,  beside*   many  smaller   species.     The   marine 

Mary  of  tin*  At  hint  ir  lx.nl.  r  has  afforded,  as  should  be 
expected,  but  few  of  these  species.  Cattle  related  to  the  Ox 
have  not  been  found  in  beds  earlier  than  tin-  I'll.  , 

The  Mammalian  t\pe  was  at  last  r\t«-n>i\.-l\  iiniol.lr,!,  ii> 
grand  di\i-i«>ns  taing  well  represented.  But  the  maximum 
(li-j)laN  of  the  brutr  races  took  place  Ml  later,  in  tin-  early 
or  middle  Quaternary,  after  Man  In.  I 


3.    Mountain-making. 

In  North  America,  after  tin-  depoHiion  of  tin-  coal  or  LI-- 
nitiri  beds  of  the  summit  rririon  of  tin-  K«»rk\  Mountain-, 
and  of  -imilar  l»rd>  in  (  '.difornia,  there  was  a  flexing  and 
upturninir  of  the  strata  along  with  those  of  the  Oetaeeou- 
l.rn.Mili.  wliieh  together,  as  has  been  stinted,  mak<  one  con- 
tinuous series,  —  and  ridges  over  •  and  more  hiirh 

wen-   thn>   made    in  the  coast  region  of  California,  and  other. 
of    greater    li'-iirlit    in     V  V  |     \1-  '         r.i.l...   :md    to 

the   north. 

DuriiiL'  the  formation  of  the  Liirnitie  lu-«U  the  ujilifiing  of 
the  whole  Ko*«ky  Mounta;-  .  the  sea  was  in  pro- 

gress;   for  SUrh   heds   of    veiretaUe    del.ri-    a-    thev    wen-    D 
from  show   that    lonir    |M-ri«MU  'he   sea  alternated 

with    "horter    [XTlo.l-.    of    silhln.  r-J-'liee.        After    the    epoch    of    Up- 
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turning  which  followed,  if  not  also  contemporaneously  with 
it,  this  elevation  was  continued,  and  without  a  return  again 
below  the  sea-level.  But  the  existence  of  the  vast  fresh-water 
lakes  over  the  surface  proves,  as  first  observed  by  Hay  den, 
that  the  rising  went  forward  with  extreme  slowness,  and 
probably  with  long  delays  at  intervals;  and  it  is  quite  cer- 
tain that  the  present  height  —  at  least  10,000  feet  in  Colo- 
rado and  Wyoming  above  the  level  in  Cretaceous  times,  since 
the  Cretaceous  beds,  full  of  marine  fossils,  are  now  at  this 
height  —  was  not  attained  before  the  close  of  the  Pliocene, 
if  it  was  then. 

The  Pyrenees,  Apennines,  part  of  the  Northern  Alps,  and 
other  high  mountains  of  Switzerland,  the  Carpathians,  and 
other  mountains  in  Eastern  Europe  were  raised  thousands  of 
feet,  and  the  mountain  regions  in  Western  Thibet,  in  Asia, 
16,500  feet,  after  the  Eocene  Tertiary  had  partly  passed,  and 
the  rise  perhaps  began  at  the  same  time  with  that  of  the 
Cretaceous  and  Lignitic  mountains  of  the  Rocky  Mountain 
summit  and  the  coast  region  of  California. 

After  the  Miocene  another  range  2,000  to  3,000  feet  in 
height  was  made  along  the  California  coast-region  west  of  the 
Cretaceous  range,  and  some  disturbances  took  place  in  the 
Tertiary  over  the  summit  region  of  the  Rocky  Mountains. 

The  close  of  the  Miocene  was  a  time  of  great  disturbance 
and  of  mountain-making  also  in  Europe,  to  the  north  of  the 
Alps,  in  Switzerland,  and  elsewhere. 
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At  the  same  time,  that    is,  in   tin-   Miocene  IT.I,  irrcat   erup- 
tions of  igncou>   rock-   look  place  over  the  western  slop. 
the    Rocky    Mountains.    co\erini:    thou>and>    of    square    in 
and    prohabh    tin-  deep   fractures   were   then   opened  which   pive 
origin    to    tin-    \oleaiioes    Mount  Shasta,  Miuint     Hood,  and    other 
summit*    in    tin-   <  ascade    llanire.      So    aUo    aloni:    tin-   coast    <»t 
Inland   and   ot    S-otland.  and    th«-    IIIIKT    llchrid.-   to   the  Faroe 
IslatltU,  thr  rnipl:  b  eiteOi        Kini.Ml'-   <  ':i\r    Mild 

tin-  (iiant's  Causeway  dat«-  troin  tln>   i»-riod. 

In  rach  «ise  ovrr  lln-  l!",-k\  Mountain-  tin-  making  of  a 
mountain  ningi»  was  pn-cnl, d.  a-  in  that  of  thr  Appahu-hiaii 
region  (page  168),  l>\  ;i  -inking  of  tin-  «-arth'>  rru-t  \vhm-  tin- 
range  was  to  be,  and  tin-  accumulation  in  tin-  trough,  a-  il 
formed,  of  some  th< MI  deposits  Then  followed 

(he  catastrophe,  —  as  r\|»l.nne«l  for  the  Appalachian  region  on 
page  172,  —  causing  upturning*,  folding,  fmcturo.  c<.n>olida- 
tion;  and  sometimes  also  a  cry>talli/ation  of  the  h.  d-.  diaug- 
ing  them  to  granite,  gnei>s,  and  allied  rocks.  Kach  time,  after 
a  mount  -in  was  completed,  that  part  of  the  earth'> 

-t  was  too  much  stitl'ened  to  !•••  the  mother  >ink- 

inir  troiitrh,  and  con*e(jueutl\  the  trouirh  made  later,  if  then- 
was  any  so  made,  was  to  one  -ide  of  the  former.  In  the 
•he  eru-t  over  the  whole  lloekv  Mountain  n  Lri«-n  had 
tinall\  li  i  that  no  ne\s  trough  wa-  he^un 

L  foldniL'  of  the  thick  Ml«»- 
cene  formation  into  a  mountain  r.mu'e,  irreat  hreak-  of  the 
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crust  took  place  from  which  floods  of  lavas  were  let  loose  and 
the  lofty  volcanoes  were  begun. 

4.    Climate. 

During  Mesozoic  time  the  Arctic  zone  was  warm  enough 
for  great  Reptiles,  —  warm-climate  species,  —  and  the  British 
seas  for  coral-reefs. 

The  close  of  the  Cretaceous  was  probably  an  era  of  unusual 
cold,  sending  cold  oceanic  currents  from  the  Arctic  zone;  for 
no  other  cause  will  account  for  the  general  destruction  of  spe- 
cies that  then  took  place  over  the  continental  seas  of  America, 
Europe,  and  Asia.  But  the  Eocene  era  was  one  of  warm 
climate  again  over  Great  Britain,  —  for  England  was  then  a 
land  of  Palms;  and  Palms  continued  to  nourish  over  Middle 
and  Southern  Europe  during  the  Miocene  period.  Through 
both  the  Eocene  and  Miocene  the  Arctic  lands  were  covered 
with  forests,  and  hence  the  Arctic  climate  must  have  been 
comparatively  warm,  —  not  colder  at  least  than  the  present 
climate  of  the  Middle  United  States  and  Northern  Prussia. 
There  was  a  cooling  off  with  the  progress  of  the  Miocene, 
and  by  the  close  of  the  Tertiary  the  earth  had  probably  its 
frigid,  temperate,  and  torrid  zones,  nearly  as  now. 

2.    Quaternary  Age,  or  Era  of  Man. 

The  scene  of  work  for  the  Quaternary  age  was  to  a  large 
extent  widely  different  from  that  of  the  Tertiary  and  preceding 
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ages;  ami  tin-  kind  ..!'  work  was  equalh  dill.  rent.  \Vitli  the 
close  of  the  Tertiary  (lie  conn  unit,  winch  was  begun  in  the 
nncleal  V  of  Archaean  time,  was  Implied  out  \«-r\  nearl. 

pKJMQj    1 1 m it >,  and  at  its  close  an   clexation   added    tin-    I .  r- 

lorination   of  tin-  >ea-horder   to   the   dr\    land. 
This  accomplished,  the  Quaternary  opened.      Agencies   \\m 
now  at  work   over   the   broad   surface   of  the   continent       n> 
dry  land,   and   not   continental  seas,  as    I'ormerU       tran-port- 
ing  southward  gravel  and  earth  from   regions  to  the  north,  in 
r  to  cover  the  hills  with  pra\e|  and  >oM  ;md   fill  tin-  val- 
leys   with    alluvial     plains.      Ov.r    Loth    Knroj,,-    :,n,|     \m, 

jiortation  went  forward  t'n.m  the  high  latitudes  south  ward. 
except     \\lu-iv    tlu're   were    mountains    gutlirimfh    lot't\    to   be 

POH    of    mdrjx-ndrnt    inoxnnrnt v        IhlN    and    \ali- 
no   imprdiniciit    to  the  great   agent  engaged   in   this    immense 
continental  system   of  transportation.      Tin-   aid    of   thr  ocean 
was  not  needed  in  these  movements,  and  was  not  givm   « \- 
cept  to  a  small  r\tmt  along  its  bordi -r-. 

r   iln^e  great   results   were    attained    tin-    work    of    thr 

ri\rrs    went    on    nion-    <|iiiril\.    and     linallv,   tlironirh     thi^    and 

other  aiT'iiei.-,    in   connect  ion    with   M.IIIC   ehan-j--   of  continental 

level,  the  earth  a^nmed   >|o\\|\    it>   present   p«  rfect.  d  condition 

:   climate. 

1    into    three    jx-riods  : —  (1  \«  i \\. 

jHTJod  ;       '2       the    (    ||  \MPl.Ai   .  I  M     or      I 

BACK   j)eriud. 
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1.  Glacial  Period. 

1.  Glacial  Phenomena.  —  The  general  facts  are  these :  — 

In  America  and  Europe,  over  the  northern  latitudes,  sand, 
gravel,  stones,  and  masses  of  rock  hundreds  of  tons  in  weight 
are  found  from  a  few  miles  to  a  hundred  and  more  south  of 
the  region  whence  they  were  derived.  This  transported  ma- 
terial is  called  drift,  and  the  stones  or  rocks,  bowlders. 

In  North  America,  the  region  over  which  the  transportation 
took  place  embraced  the  whole  surface  from  Labrador  or 
Newfoundland  to  the  western  borders  of  Iowa,  and  farther 
west  for  a  distance  not  yet  determined,  and  it  reached  south- 
ward to  the  parallel  of  40°  and  in  some  places  beyond  this. 
In  Europe  it  included  the  British  Islands  and  Northern  Eu- 
rope, down  to  the  parallel  of  50°,  where  the  temperature  is 
about  the  same  as  along  the  parallel  of  40°  in  North  America. 
The  direction  of  travel  was  generally  to  the  southeastward, 
southward,  or  south  west  ward. 

The  fact  and  the  direction  of  transportation  have  been  as- 
certained by  tracing  the  stones  to  the  ledges  from  which  they 
were  derived.  Thus  bowlders  of  trap  and  red  sandstone  from 
the  Connecticut  valley  are  found  on  Long  Island,  and  masses 
of  granite,  gneiss,  quartzyte,  and  other  rocks  in  New  Eng- 
land, to  the  southward  or  southeastward  of  the  ledges  that 
afforded  them.  In  the  same  manner  masses  of  granular  mar- 
ble have  been  proved  to  have  come  from  a  formation  50  or 
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100   miles   to   the   northward   of  their   present    posit  i 
again  masses  of  native  copper  are  found  in  Indiana  and  Illi- 
nois that  were  brought   from  the  veins  of  native  copper  south 

of     Lake     SlljMTlor.          Tllf     L'rea'-  .     \\lllcll     bowlder- 

have  been  traced  has  been    KM)  or  ouu  mile>   in   Kun.jH-,  -.Jim 
100  over  Eastern  North  America,  and   l,iM)0  miles  along  the 

^ippi  Ki\er  valle\.  \\here  they  reach  nearly  to  tin-  <«ulf. 
Th<    masses   sometimes  contain   2,000  to  8,000  cubic  feet, 
so  that    they    compare   well    in   M/e   with   large   hou>ev 
Drift    regions   are  also  regions  of   e\t«ii-i\.     p|;l- 
ishings,    ami    scratchings    of    the    rocks    (Fig.    W>         Th.-,- 


•mil    on    rock-    that    ha\e 

been   recent  1\  Vast  areas   an*   th 

;tn.l     tli.  _T.-at    imilorinitN     in 

:ion.     The   ^Mulders  also  are  scmtci 
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Scratches  and  bowlders  occur  on  top  of  Mount  Mansfield, 
the  highest  point  in  the  Green  Mountains,  4,430  feet  above 
the  sea,  and  at  a  level  of  5,500  feet  on  the  White  Mountains 
in  New  Hampshire]  and  the  direction  of  the  scratches  shows 
that  the  transporting  agent  moved  over  both  of  these  sum- 
mits without  finding  in  them  any  serious  impediment,  and 
thence  continued  on  its  way  southeastward. 

The  drift  covers  the  mountains  and  hills  of  drift  regions, 
and  makes  also  a  large  part  of  the  formations  in  the  valleys. 
Over  the  hills  it  is  unstratijied  drift,  the  sands,  gravel,  and 
stones  having  gone  down  pell-mell  together ;  in  the  valleys  it 
is  stratified  drift,  —  stratified  because  there  the  sands  and 
gravel  were  deposited  in  flowing  water,  which  sorted  some- 
what the  material  and  spread  it  out  in  beds.  The  excava- 
tions in  cities  or  villages  for  the  cellars  of  houses  are  often 
made  in  the  stratified  drift,  and  the  sands  usually  show  a 
succession  of  beds  which  is  evidence  of  the  action  of  water. 

2.  Cause  of  the  Glacial  Phenomena,  —  No  known  agent  is 
adequate  for  transportation  on  so  vast  a  scale  excepting  mov- 
ing ice.  And,  as  Agassiz  was  the  first  to  appreciate,  it  was 
glacier  ice.  The  size  of  the  blocks  transported  is  no  greater 
than  is  now  borne  along  on  the  backs  of  glaciers ;  and  the 
planing  and  scratching  is  just  what  the  Alps  everywhere  ex- 
emplifies. The  moraines  of  the  glaciers,  as  explained  on  page 
60,  are  derived  in  the  Alps  from  the  cliffs  either  side  of  the 
ice-stream,  and  a  small  part  only  are  taken  up  by  the  abrad- 
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:.ice  at  bottom.      In   tin-  (  ontin.  D  r  <>!'  the  (,l;i. 

cial  period,  the  stones,  gravel,  and  sand  were  gat  In-red 
tin-  lulb  over  which  the  ice  moved,  for  there  were  n<> 
or  peaks  projecting  above  tin-  Mirfaee  eun  m  hilly  v 

land.      Thr     White     Mountains,    as    above    stated,    have 
scratches  to  a  height  of  5,500  feet,  or  to  within  800  feH  of 
the  summit,  and  therefore   were   buried    in   the  great  gl 
nearly  to  its  top,  and  in  snow,  if  not  ice,  for  the  rest.     Tak- 
ing the  height  at  the  White  Mountains  as  a  guide,  tin-  upper 

surface   of  the   glaner   at    that    point  was  at  least  6,1 

above  the  sea-level,  and  tin    thickness  of  the  mass  about  :,. 
feet.      Prom    this    region   it  sloped   away   ov<  r   Southern    and 
Southeastern   New   England   to  its   place  of  discharge    in   the 
Atlantic.     A  thickness  of  e\.  n   2,iH.  \hieh   is  o\<  r  t'our 

times  that  of  the  largest  Alpine  irlaeier,  \\onld  have  £\\ 
abrading   power  to  the  heavy  mass.    All  >»\\  or  decomposed 
rocks   would    have   been   deeply   worn   away    by    it,  and    hard 
rocks  with   open  joints  or  planes  of  fraetmv    torn   t. 

the  heavilv  pressing,  slowly  moving  ma>s  would  ha\«  t.iUn 
the  loose  and  loo-nnd  ro.  k-in.itrn.il  n\<-r  the  lnll>  heiirath 
into  itH-lf,  a^  additional  fn-iirlit  for  t ransjx.rtation. 

Masses  of  trap  :.<»(»   to    l,0(  i    lie  aloni:   the 

elevated  western  border  of  the  plain  of  \r\\  H.i\en  in  (  on- 
neetieut,  whidi  \\rn-  LMtln-n-d  up  from  tin-  trap  hill>  l»et\\e»-n 
M'-ideii  and  Mount  T-.m  in  M  issachusett^.  The  lulls  are 

,1    their     t..p-,     wlien    the    iiiii»es 
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A 

were  taken  up,  were  1,500  to  2,000  feet  below  the  upper  sur- 
face of  the  overlying  glacier. 

A  glacier  moves  in  the  direction  of  the  slope  of  Us  upper 
surface,  in  spite  of  the  slope  of  the  surface  beneath  it.  It 
is  like  thick  pitch  in  this  respect.  If  pitch  were  dropped 
indefinitely  over  a  spot  in  a  plain,  it  would  spread  away 
indefinitely;  and  if  the  surface  around  had  a  rising  slope,  it 
would  fill  up  the  basin  and  then  keep  on  its  course.  So  it 
is  with  the  ice  of  a  glacier.  In  order  to  have  a  southeast- 
ward course,  a  glacier  must  have  its  surface  highest  to  the 
northwestward  with  slope  southeastward;  and  if  the  snows 
were  more  abundant  to  the  north  in  the  Glacial  era,  and  the 
melting  less  abundant  there,  than  to  the  south,  an  accumula- 
tion to  the  north  might  have  gone  on  that  would  have  pro- 
duced movement  southward.  If  the  plain  beneath  the  pitcli 
had  deep  channels  obliquely  crossing  it,  the  pitch  in  these 
channels  would  follow  their  direction,  while  the  overlying 
pitch  kept  on  its  main  course.  So  with  the  glacier :  its  lower 
part  within  the  large  valleys  followed  the  directions  of  the 
valleys,  as  the  scratches  and  bowlders  show;  while  the  upper 
portion  had  its  usual  course,  —  the  course  which  is  indicated 
by  the  scratches  elsewhere  over  the  higher  parts  of  the 
country. 

The  cold  of  the  era  may  have  been  mainly  due  to  an  ele- 
vation and  extension  of  Arctic  lands,  increasing  the  area  of 
Arctic  land-ice;  arid  to  a  partial  closing,  through  this  eleva- 
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tion,  nf    the    Arctic    region    airain-t    tin-    warm    current    of    the 
Atlantic  Ocean,  tin-  (iulf   Stream,  which   i-   now  a  soum 
warmth    to    all    of    Northeastern     Kun>|>e,   and    even    Iceland, 
Nova   Znuhla,  ami   the   polar  seas  and   hunk     Other  reasons 
for    cold    have    been    suggested  <  es    to    which    will    !«• 

found  in  large  works  on  tli. 

>i    America    has    its   Glacial    region,   and    evidences   of 
transportation     toward     tin-    equator;     so    tliat     the     phenol: 
described  were  not    confined    to    oid\    one    hnnisjihrrr.     -s 
\\nters  MI|)J)I.H-  it    to   have   bern   alternatdv   in    tli.    t\\n   licim- 

s))lien-.        l»nt    tlie   c\ldelice   of   this    (loe>    tmt    a|>|H,il 

moving  glacier  of  New  England  appears  to  ha\.  had 
its  head  in  the  height  of  land  hrtwrm  the  St.  Lawnine  val- 
ley and  Hudson  Bay;  for  the  scratches  divert  from  this 
region  over  Eastern  Maine,  New  Hampshire.  Vermont,  and 
New  York,  heini:  in  We-teni  \e\v  York  and  llie  n-iritm  ju-t 
east  of  Lake  Huron  southwest  in  direction. 

i    of  drift    latitude*   tli- 

tilde    alioiit     the    hiirluT    mountain-;     and     ruoriii 
rocket  moutonnScx,  urmr  on   a   irrand   scale   in    maii\    \alle\-   nf 
the    hiirher    ridires    of    the     |{<M-k\     M  and     t!        9 

ada,    as    men.  their    former    (ilacial    hiMor\.      The 

aOCOIUjMliMULr    -ketch  nm'rx    ill 

|.cat<-d   here   fr«.m    i 
lil,     because-    the    rveiit>    indhalcd    l.«  lnii:    t"    tin-   (ilacial    jx  i 
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The  roc/tes  moutonnees  extend  along  the  valley  through  an 
ascent  of  nearly  2,000  feet.  At  present  there  are  no  glaciers 
within  500  miles  of  the  place. 

Fig  236. 


View  on  Roche-Moutonnge  Creek,  Colorado. 

In  the  same  era  a  glacier  in  the  Alps  buried  all  Switzer- 
land 2,000  to  4,000  feet  deep  in  ice,  and  left  immense  blocks 
of  Alpine  rocks  on  the  Jura  Mountains. 

Depositions  of  eartli  and  stones  from  the  glacier  must  have 

been  going  on  to  some  extent  through  the  whole  Glacial  era. 

The  perpetual  grinding  of  stones  against  stones  in  a  glacier  makes 

a  very  fine  clayey  earth ;  and  a  clay  of  this  kind  was  dropped 

10 
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tin-  hill>  and  in  tin-  vallevs,  making  thick  deposit-;    ami 
as  these  de|...  MIM  large  bowlder-.  drn\«d  likewise 

i  tin-  irlaeier,  ili«  v  are  called  bowlder-clay*. 

2.  Cham  plain  Period. 
1.  Melting  of  the  Glacier  and  Deposition  of  the  Drift     -  'IV 

i     part    of    tin-    deposition    of    the    drift     \ia*    dela\ed    until 
the    irlaeier    melted.     There   is    reason   to   believe    that    di; 

thr    (ilaelal     period    tlir     laud    o\rr    tlir     northern     latitudes     stood 

at  a  higher  le\el  than  now,  and  that  this  was  oni-  rails*1  "I 
tiie  (.cenrreiie.  . .f  ,1  cold  era.  Whether  this  were  so  «»r  not, 
the  trlaeier  \\  as  made  finally  to  disapjM  .  jh  a  sinkini: 

of    the     land    over    northern     latitudes,     \\hieh     brought     on    a 
inildrr    climate    and    determined,   and    then    hastened,    the    melt- 
ing.     This    HilMdener    marks    otl'    the    commencement    «»f    the 
Ckamplain.  period,  the  second   period   of  the  (.^uaternan.     The 
earlier    part    of   it  was  the  era  of  the    imlimu'   of    the    LMVMI 
•••r.     The    melhnir   \\<.nld    have  gone  on    I'.T    a    h-nir   time 
\\ith    extreme    -lowness;    but    when    the     glacier     was    thinned 
d..\\n   to  the   last  500  to  1,000  feet,  in   which    jurt    of  it    the 
-\    of  the   gravel   an  were,   it    went    forward    npidlv  ; 

and   then  took  place  the   |>e|l-mell  dum|>ing  of  gravel  and  stones 

the   hill-    and    \alle\s.   uith    lli-  ition    of   wha1 

f»-ll  into    the  \l    last.  a>    th- 

immense   lion.:  the   final    meltini;  : 

the    l.ii.-r   de|i«.-iii,,ns    in    man\    regions    .,•  :!iaii 
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the  earlier,  the  finer  material   having   been  swept  away  down 
stream  and  into  the  ocean. 

The  Mississippi  valley  was  the  outlet  for  the  waters  of  the 
great  region  it  now  drains;  and  the  flood  during  the  whole 
Glacial  period  must  have  been  great,  and  floating  ice  laden 
with  northern  stones  must  have  often  hurried  oft*  down  stream 
to  the  Gulf.  But  at  the  final  flood  it  made  thick  deposits 
on  the  way  to  the  Gulf,  as  observed  by  Hilgard,  and  in 
Mississippi  bowlders  as  large  as  a  bushel  basket  are  found  in 
the  beds. 

Icebergs  thus  despatched  to  the  Mexican  Gulf  must  have 
made  havoc  of  the  warm-water  life;  and  it  is  therefore  no 
occasion  for  surprise,  as  Hilgard  remarks,  that  the  sea-shore 
drift  deposits  contain  no  marine  species  of  shells. 
•  The  subsidence,  with  which  the  Champlain  period  opened, 
was  greatest  to  the  north,  being  over  500  feet  on  the  St. 
Lawrence  near  Montreal,  400  feet  on  Lake  Champlain,  over 
200  feet  on  the  shores  of  Maine,  and  but  40  to  100  feet  along 
Southern  New  England.  The  river-beds  hence  did  not  have 
even  their  present  slope,  and  consequently  the  rivers  in  part  be- 
came great  lakes.  For  the  same  reason  the  flood  waters  made 
deposits  of  great  breadth  along  the  river  valleys  and  lake  re- 
gions,—  the  greatest  fresh-water  deposits  of  geological  history. 
The  depth  of  the  submergence  at  Montreal,  on  Lake  Cham- 
plain,  along  the  coast  of  Maine,  and  most  other  points  on 
the  sea-coast  is  proved  by  the  occurrence  of  sea-shore  depos- 
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nil  of  sea-shells  at   tde   heights  just  stated.     In   id.    beds 

on  Lake  Cdamplain  tdc   dunes  of  a  whale  have   dr.-n  exhumed, 
which   lived  in   the  waters  of  the  lake  in  the  Champlain 
riod,  when   it  was  a  great  arm  of  tin-  enlarged   St.    Uwn-nee 
(Julf.     All  tin-  rivers  and  lakes  over  the  continent   in  tin-  lati- 
tudes  north   of  10°,  and    partly   those   south   of   it,  have   high 
alluvial    plains   at   a    level    far   above    the    river   or    lake 
border;   and   they  were  made  in  this  Champlain   jx-riod   when 
tin-  land   was  below  its  pn>mt    [< 

2.  Champlain  Period  after  the  melting.  —  After  tde  melting 
was  completed,  tde    rivers,  though   Mill   at    tlood    height,   were 
inorr    quiet    in    their    action,    and    they    made    (lejxtsition-    in 
tde    iivrr-\allr\>,    \\d.-re\er    these   were    not    already    tilled    to 
the  flood  level,  of  a  finer  alluvium;  and   much   of  this  allu- 
vium   enut;iin<    iVe-d-water    sin-Ms,    and    occasional    bones 
<|iiadruj>eds.     Tde    amount    of   sand,   gravel,   and    clay    \\dieh 
dad    btrn    dropjx'd    over   tde    dills    In    the    ice   was   imini 
and   it    lay   loose,  easy  to   be  taken    up  by  streain>   tde   i 

;  and  hence  tde  fillmir  of  tde  valleys  e\m  after 
tde  id-  li  id  d)>appeared  may  have  gone  forward  for  a  wlnle 
wild  inneh  rajndit\.  Hut  the  liner  alluxiiim  show-  tliat 
before  the  Champl-iin  jn-riod  ended  tlie  How  of  tin  lai 

U.4   Was   OOlnparatixi  1\      |in-  t. 

In    Kun.jH-  ami  (.  n   tin-  ( 'damplain    jM-rir>d  was  «>ne 

of   8iil»-i':  -T    tin-    hiirder    latitmle-,   a-    in    Aineriea.   and 

suli-id.-nce    was    gn-.ite-t    to    tde    north.      In     Fnuici-    and 
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Belgium  the  depression  below  the  present  level  was  50  to 
100  feet;  in  Southern  England,  100  to  200  feet;  in  Northern 
England  and  Scotland,,  as  reported  by  British  geologists,  1,000 
to  1,400  feet.  In  Sweden  it  was  200  at  the  south  to  400  or 
500  to  the  northeast,  —  so  great  that  an  ocean  channel  then 
connected  the  Baltic  with  the  White  Sea.  The  alluvial  deposits 
on  the  Rhine,  below  Basle,  are  in  some  places  800  feet  or 
more  in  height  above  the  river.  But  this  height  does  not 
indicate  a  depression  of  as  great  an  amount  in  the  Chain- 
plain  period ;  for  much  of  it  was  owing  to  the  piling  of  the 
flooded  waters  in  the  narrow  valley.  The  distance  from  Basle 
in  a  straight  line  to  the  North  Sea  at  the  mouth  of  the  Rhine 
is  about  400  miles ;  and  if  the  flood  from  the  melting  glacier 
increased  the  slope  of  the  surface  of  the  waters  on  an  average 
only  2  feet  a  mile,  the  flood  level  at  Basle  would  have  been 
800  feet  above  the  present  level  of  the  river. 

3.    Recent  Period. 

The  Charnplain  period  was  brought  to  a  close  by  a  raising 
of  the  land  over  the  higher  latitudes,  bringing  the  continent 
finally  up  to  its  present  level.  This  elevation  placed  the  old 
sea-beaches  of  the  Champlain  period  high  above  the  sea,  at 
their  present  level,  that  is,  over  500  feet  near  Montreal,  over 
200  feet  on  the  coast  of  Maine,  and  so  on,  as  above  stated; 
and  this  level  is  approximately  a  measure  of  the  elevation. 
River-valleys,  after  the  rise,  had  a  much  steeper  slope  than  in 
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the    Champlain     jirriod,    ;ill(l     hence     their     tln\\      Was     increased     in 

rate.  Tln-\  rnn>r(jui-inl\  went  mi  .-uttinir  down  their  l»nU 
thniii^h  the  ( 'liamplain  (l«-j>u>it>  nf  tin-  \alli-\  t"  a  IMWIT  l«-\«-|; 
ami  at  the  time  of  their  annual  ll..o«U  they  wore  away  the 
deposit*  0:1  either  -ide  of  the  ehaniiel,  inakilllT  tlierehv  all 

alluvial  flat    or    Hood-ground,  —  for    .\«i\     rmr   has    a    lU.d- 

ground  \vhicli    it    cover-    in    it-    times    of    Hood,    as    well    §|    a 

channel  for   dry    tint's.      Tliis    sinking    of    the    rutr-l...!-    left 

the  old  tlood-Lrroimds  as  a  high  terrace  far  above  tin- 


•  le\ated    jilam-   -till   remain  to  at- 
test to  the   vastnes*   "f   the    iloo<U    from    the    meltint:   glacier. 

Ill    tile    Collide    of     the    el'  t« THICCS     WU> 
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made  along  the  valleys,  as  illustrated  in  the  accompanying 
view  (Fig.  237).  A  section  of  a  valley  thus  terraced  is  repre- 
sented in  Fig.  238.  The  formation  terraced  is,  as  is  shown, 
the  Champlain;  and  in  the  Champlain  period  it  filled  in  gen- 
eral the  valley  across  (from  f  to  /"),  excepting  a  narrow 
eh?  .iel  for  the  stream,  the  whole  breadth  having  been  the 

Fig.  238. 


Section  of  a  valley  with  its  terraces  completed. 


flood-ground  of  the  Champlain  River.  But  after  the  elevation 
of  the  land  that  closed  the  Champlain  period  began,  the  river 
commenced  to  cut  down  through  the  formation,  making  one 
or  more  terraces  in  it,  on  either  side  of  the  stream.  In  Fig. 
238,  E  is  the  position  of  the  river-channel  after  the-  terra- 
cing ;  and  on  either  side  of  it  there  are  terraces  at  the  levels 
f  f,  d  d',  b  b ',  and  also  another  on  the  right  side  at  r. 
These  terrace-plains  are  usually  the  sites  of  villages.  They  add 
greatly  to  the  beauty  of  the  scenery  along  all  water-courses. 
The  terraces  fail  where  the  valley  is  narrow  and  rocky. 

Between  the  Champlain  and  Recent  periods,  or  in  the  open- 
ing part  of  the  latter,  Europe  passed  through  a  second,  but 
less  severe  Glacial  epoch.  Marks  of  it  have  been  pointed 
out  in  glacial  deposits  in  the  Alps  and  other  places,  but  espe- 
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ciallv  through  tin-  occurrence  in  great  quantities  of  remains 
of  tin-  Keindeer,  ;i  hiirh-latitiulc  annual,  in  Southern  France. 
\\  nil  tlie  bones  of  tin-  Kemde.  r  there  are  -also  those 
other  cold-climate  species.  Thi>  « -po» -h  i-  called  ih«-  /{tin- 
em;  and  tin-  part  of  the  Recent  period  following  it 
th«  Modern  era. 

4.    Life  of  the  Quaternary. 

L  General  Observations.  -Tin-  plant-  and  the  low<  r  tribe- 
of  tin-  Animal  kingdom  in  the  early  part  of  the  (^naternarv 
\\rn-  essentially  tin-  same  as  now.  Tlie  species  of  corals  mak- 
ing eoral-reefs  iii  tin-  tropics  were  probably  in  e\i-tmee  and 
at  \\ork  hflore  the  close  of  the  Tertiary  age;  and  the  >amr 
i-  I  rue  ..f  ]>art  of  the  Insrrt-.  Kishes,  Il«-ptile-,  liinU,  and 
i he  modern  world,  jx-rliaps  of  a  laru'e  |>art. 

There  inii-t  have  been  some  exterminations  a>  a  e«in>r- 
(|iienci  of  the  cold  of  the  (ilacial  period,  and  of  the  iee  of 
huh  I. it  i tude  regions.  Many  plants  were  driven  south  by 
the  coming  on  of  the  cold,  and  thus  escaped  destruction;  and 
now  live  on  Mount  Washington  and  other  hi_ufh 
summit*  of  temprr.ite  North  America.  Bird-  must  have  »|,,,rt- 
i  their  northward  migration-,  .md  IciiLMhcm  d  th.-m  -oiith- 
ward,  and  for  the  most  part  may  have  escaped  catast rophe. 
The  beasts  of  pn-\.  cattl.,  and  other  large  mammaU  of  Drift 
latitmle*  must  also  to  a  great  e\t«  nt  h.i\r  iuo\r,l  toward  the 
tropics  as  tin-  riirors  of  the  approaching  ice-period  began  to 
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be  felt.  Certain  it  is,  that  after  the  ice  had  gone  there  was 
a  large  population  of  brute  Mammals  over  Europe  and  the 
other  continents ;  and  facts  seem  to  prove  that  they  hung 
about  the  southern  limit  of  the  ice,  and  often  moved  north- 
ward with  the  lulls  in  the  intensity  of  the  climate  or  the 
shortening-in  at  intervals  of  the  ice-field. 

2.  Brute  Mammals.  —  The  brute  mammals  reached  their  maxi- 
mum in  numbers  and  size  during  the  warm  Champlain  period, 
and  many  species  lived  then  which  have  since  become  extinct. 
Those  of  Europe  and  Britain  were  largely  warm-climate  spe- 
cies, such  as  now  are  confined  to  warm  temperate  and  tropical 
regions ;  and  only  in  a  warm  period  like  the  Champlain  could 
they  have  there  thrived  and  attained  their  gigantic  size.  The 
great  abundance  of  the  remains  and  their  condition  show  that 
the  climate  and  food  were  all  the  animals  could  have  desired. 
They  were  masters  of  their  own  wanderings  and  had  their 
choice  of  the  best. 

The  relics  have  been  found  in  deposits  along  the  margins 
of  rivers  and  lakes;  in  marshes,  where  they  were  mired;  in 
caves,  buried  in  the  stalagmite  (page  24)  that  had  been 
deposited  over  them.  In  Britain  and  Europe  the  caves  were 
the  haunts  of  Bears,  Hyenas,  and  Lions,  much  larger  than 
any  of  the  kind  now  living ;  these  beasts  of  prey  dragged 
into  them  the  bodies  of  the  animals  they  fed  upon.  The 
Cave-Bear  resembled  much  the  Grizzly  Bear  of  Western 
North  America;  and  the  Cave-Hyena  and  Cave-Lion  are  re- 
10*  o 
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garded   as  the  same    in   >jM-eie-   \Mth    the    Alriraii    llxena    ami 
,  although  these  modern  kinds  are  dwarf-  in  comparison. 

With  these  there  were  in  Britain  anil  Kurope  species  of 
Khinoceros,  a  Hippopotam-  3  l»« -nan  Klephant  or  Mam- 

moth, the  Brown  Bear,  Wolf,  Wildcat.  L\nx,  Leopard.  I 
Klk,  Deer,  and  others.  Tin-  modern  Iloree  was  among  them, 
yet  gigantic  in  >i/r  like  many  of  tin-  other  Mammals  of  that 
genial  period.  The  Irish  Deer  (Cfrvut  megarero*},  skeletons  of 
which  haxe  been  found  in  Irish  bogs,  had  a  height  to  the  tij> 
of  the  antlers  of  lo  to  11  feet,  and  the  span  of  the  antler- 
was  sometimes  1£  feet.  The  Klej>hant  (Elepha*  primigeniut) 
and  the  most  common  Rhinoceros  (R.  tickoriniu)  had  a  ! 
covering,  and  this  titled  them  to  wander  off  into  regions  far 
north  ;  their  remains,  especially  those  of  the  Klephant.  sh..\\ 
that  thev  lived  in  great  herds  over  Northern  Siheria.  where 
now  the  mean  tem|>rranire  of  the  year  i-  ')  to  In  I-'.  Tin- 
Rhinoceros  had  a  length  of  \\\  feet,  and  the  Klephant  was 
nearly  a  third  tallrr  than  the  largest  of  modern  KlephanN. 

In  North  Am. n<  i  al-«.  there  were  large  Lions  and  Bears, 
l»ut  noiu-  of  tlu-m,  as  far  a-  known,  made  eaves  their  dens. 
The  largest  of  the  species  was  the  M«*  \  •>'> 

animal    uith    tu-k-    and    trunk    like   an     Klejihant.      When    full 
grown  it  wa*   1^   to   |:{  feet   in  heiirht.  and   to  the  e> 

.-t   IOIILT.     The  teeth  had  a  crown  as  largr  in 

area  iL'e.  and   of  the   f»rm   shown   in    !  5    -  l'1- 

have  been  found  in  marshes  when-   the   heavy  beasts  were 
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mired;  and  portions  of  their  undigested  food  —  the  small 
branches  of  spruces  and  other  trees  —  have  been  taken  from 
between  their  ribs,  where  the  stomach  once  was. 

Fig.  239. 


Skeleton  of  Mastodon  Americauus. 


There  were  also  American  Elephants  of  great  size,  much 
resembling  the  Siberian.  Fig.  241  represents  a  tooth  of  one 
of  them  found  in  Ohio ;  it  is  a  little  larger  than  that  of  the 
Mastodon.  There  were  also  Horses  of  large  size,  Tapirs,  Oxen, 
Beavers,  and  various  gigantic  species  of  the  tribe  of  Sloths. 

The  Sloth  tribe  was  especially  characteristic  of  South 
America.  The  modern  Sloth  is  as  large  as  a  Dog  of  medium 


its 


:\!i. 


These  species  of   ili«-  <  li.m.|.l.un    j^ri..,!   mrlml,-,!  a  Me- 
gatkerium  \  ,  which  was  larger  than   the    largest    of 


«X  X)  :  «4L 


Flf.  MO.  M««od«i 

«\!>tii.^    Rhinoceroses.     As  the   figure  shows,   it   was  a  lazy 
beast,  —  tlu-  bones  of  tin-  himl  logs  being  much  like  logs,  and 


those  of    li.  miMicil    with    liai.  i    long    for 
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pulling  down  trees  after  raising  itself  erect  on  its  hind 
legs  and  enormous  tail  —  a  third  support  —  for  the  purpose. 
This  is  one  of  many  kinds  of  gigantic  Sloth-like  animals  that 
lived  in  South  America  during  the  era.  Other  related  species 
had  a  shell  somewhat  like  the  modern  Armadillo;  and  these 
also  were  gigantic,  one  of  them  (Fig.  243)  measuring  5  feet 
across  its  shell,  and  having  a  length  of  at  least  9  feet. 

Fig.  243. 


Qlyptodon  clavipes  (x  yio). 

In  Australia  the  Mammals  are  now,  with  some  small  ex- 
ceptions, Marsupials,  the  Kangaroo  being  one  of  them. 
They  were  also  Marsupials  then;  but  the  ancient  kinds  par- 
took of  the  peculiar  feature  of  the  ern,  —  great  magnitude, 
some  of  the  species  being  as  large  as  a  Hippopotamus,  one 
having  a  skull  a  yard  long,  and  many  of  them  being  far 
larger  than  any  modern  Marsupial. 

Thus  the  brute  races  of  the  Middle  Quaternary  on  all  the 
continents  exceeded  the  moderns  greatly  in  magnitude.-  Why, 
no  one  has  explained. 
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Tin-  .  i  mate    of   the  ('ham  plain    period   was   abruptly 

trrminatnl.  F<T  carcasses  of  tin-  Silurian  Kh-phaiits  were 
n  so  suddenly  and  so  completely  at  the  change,  (hat  tin 
tle-h  has  remained  untainted.  Near  the  close  of  the  last  cen- 
tury, one  huge  carcass  dropped  out  of  the  ice-din"  at  tin- 
mouth  of  the  Lena,  and  for  a  while  made  food  for  dogs. 
The  existence  of  a  hairy  covering  was  then  first  ascertained. 
A  hairy  Rhinoceros  has  also  been  found  in  the  ice.  Tin- 
change  of  climate  was  probably  connected  with  the  commen- 
cing of  the  Kdnderr  or  seci.nd  (ilacial  era;  and  it  was  then 
that  the  lieindeer  and  some  other  species  succeeded  in  mi- 
grating to  Southern  France,  then-  to  live  until  the  cold  epoch 
had  passed.  The  remains  of  the  Reindeer  are  found 
\\nli  those  of  the  Cave-Bear,  Cave-ll\.  n...  IMiiuoceros,  Klc- 
phant,  and  ether  Champlain  species,  showing  that  all  lixcd 
.«T  then-  at  that  time. 

3.  Man.  -  Man  was  in  existence  during  the  ('hampla'n 
period;  and  probably  in  its  r.irli.-r  part  be!'..  re  the  ice  had 
disappeared  (a  part  .,iVn  included  in  the  (ilacial  era  b\  L"-..l- 
ogisfc). 

ting  that   he  was  a  contemjM»rar\   of  the  L'lirantic 
('hamplam     MaimnuN,   occur    in    \arii»u-  md    in    n\er 

and     l.niiMri'  ta,    in     Britain,     KurojM  ,    S\na.     and     in 

other   n-Lr: 

relics    of    Man    are    stone    implement-,   -nch    a.s    armu- 
heads,  haleln-ls   jx-Mi.  •-,  and    stun,-   ,-hip-    in.i<lr    in    the   main. 
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ture  of  the  implements;  bones,  shells,  and  other  materials  hav- 
ing upon  them  his  markings  or  carvings;  his  pottery;  the 
charcoal  left  from  his  fires;  the  bones  of  animals  broken 
lengthwise  to  get  out  the  marrow;  his  own  bones,  skulls  and 
skeletons. 

In  Europe  and  Western  Asia  the  stone  implements  of  the 
earlier  part  of  what  is  sometimes  called  the  Stone  age  are  of 
rude  make  and  unpolished.  This  part  of  the  age  has  been 
called  the  Paleolithic  era  in  human  history,  or  that  of  the 
oldest  stone  implements,  —  the  word,  from  the  Greek,  signi- 
fying old  and  stone.  The  stone  implements  occur  along  with 
bones  of  the  Cave-Bear,  Cave- Hyena,  Mammoth,  Rhinoceros, 
and  several  other  Champlain  species,  and  also  with  the  bones 
of  Man;  and  these  human  relics  are  so  associated  with  those 
of  extinct  Mammals  that  there  is  no  reason  to  doubt  that 
they  were  contemporaries. 

Next  came  the  Eeindeer  era.  Its  stone-implements  are  un- 
polished, but  better  made  than  those  of  the  preceding  era. 
Besides  these  there  are  examples  of  bones,  shells,  horn  and 
stone  engraved  with  the  forms  of  animals,  and  others  that  are 
variously  carved,  or  made  into  spear-heads  and  other  forms, 
and  also  perfect  human  skeletons.  Fig.  244  represents  a 
drawing,  on  ivory,  of  the  hairy  Elephant;  it  was  found  in 
the  cave  of  La  Madelaine,  in  Perigord,  Southern  France,  and 
shows  that  the  Elephant  was  well  known  to  the  men  of  the 
period.  These  human  relics  are  associated  with  remains  of 
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the  same  Champlain  Mammals  that  occur  in  the  earlier  di  - 
posits,  and  also  with  great  numbers  of  the  bones  of  the 
Kemdecr,  and  many  of  the  Aurochs,  Elk,  Deer,  and  other 
species  of  latrr  time. 


Next   followed   an    cm    in   which   tin-    implement  - 
of  stone,  hut   often   poli-hcd,  and   in   which   the   remains  of  the 
•  leer  are   rarely  found,  and   those   of   the    peculiar  Chain- 
plain    >perie*    not    at    all,   hut    iu-tead    portion-   of   .-keleton-   of 
the    dome- tic    do-j    and    ml  ur   quadrujM-ds,    with    much 

broken   i  ^tone  age  is  called  the    \ 

I.    for   new  and    rffflA     The    -Ii('ll-heap8 
•'•hnmiidd.  n-     ..!'  the    Daiii-h    1-les    in   the    Halt  ,,,UL' 

\.-.,||||||e 

Tli-     boo  -    and    -kelet..'  \!  •     '  .lire   in   no 

case   indicate   :i   race    mf,  n«.r   to  the    h.\ve<t    of   existing  races, 

«.r    iiiten  I  in   and    the    Man-Ape-,  —  the   ^ 

nu'  the   1. rules   \ihich  approach    him   III..M    nearlv.       Hut    -till 
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they  are  those  of  uncivilized  Man,  and  in  part  of  Man  of  a 
low  order  of  faculties. 

The  skeleton  of  Neanderthal  (a  part  of  the  valley  of  the 
Diissel,  near  Diisseldorf)  is  the  worst,  but  it  is  not  older 
than  others  having  better  skulls  and  higher  foreheads.  The 
capacity  of  the  cranium  was  75  cubic  inches,  which  is  greater 
than  in  some  existing  men.  A  jaw-bone  of  low  type,  found 
in  the  oldest  Belgian  deposits,  had  little  height  and  great 
thickness,  as  if  for  powerful  use,  and  the  posterior  of  the 
molar  teeth  was  the  largest,  —  a  brutal  feature. 

The  skeletons  of  the  Reindeer  era  in  Southern  France  are  in 
part  those  of  men  of  unusual  height,  —  5  feet  9  inches  to 
over  6  feet;  and  the  skulls  are  large  and  well  shaped,  with 
the  foreheads  high  and  capacious.  They  are  of  better  size  and 
shape  than  many  of  the  Reindeer  era  in  Belgium,  which  are 
small  and  after  the  Laplander  type. 

One  of  the  most  perfect  was  found  in  the  stalagmite  that 
formed  the  floor  of  the  cave  of  Mentone,  near  the  borders  of 
France  and  Italy,  on  the  Mediterranean.  Eight  feet  above  it  in 
the  stalagmite  there  were  remains  of  the  extinct  Rhinoceros 
and  other  Champlain  species.  The  man  would  compare  well, 
if  we  may  judge  from  the  skeleton,  with  the  best  among 
civilized  races,  —  his  forehead  broad  and  high,  and  rising  with 
a  facial  angle  of  *85°,  his  height  6  feet;  and  yet  he  was  a 
European  savage  of  the  Eeindeer,  if  not  Paleolithic  era;  for 
about  him  lay  his  flint  implements  and  weapons,  his  chaplet 
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of  stag's  canines,  and  shells  that  he  had  gathered  for  food 
or  ornament  from  the  shores  near  by.  The  tibia  or  shin-bone 
was  somewhat  flattened,  a  peculi ariu  often  observed  in  tin 

skeleton  of  the  American  Indian.  The  lirain-ca\  it\  of  a  .skull 
found  in  the  cave  of  Cro-Magnon,  in  Southern  Franee,  had  a 
capacity  of  97  cubic  inches,  which  is  very  much  above  that 
of  ordinary  Man,  and  nearlv  three  times  that  of  the  highest 
Man-Ape. 

In  North  America  cases  of  the  occurrence  of  ancient   human 
bones   or    skeletons    in    Quaternary    dr|><  not    as    well 

authenticated  as  those  in  Knro]>e.  Adiiuttinur  the  tacts  that 
have  been  published,  the\  do  not  give  Man  greater  antii|iuiv 
than  those  above  mentioned. 

No  case  of  the  presence  of  human  relic-  in  deposits  of  the 

lary   age   on   any   continent    is    vet   well   established.     Mr. 

W.  Boyd  Dawkins,  an  excellent    British  geologist  and  original 

observer   in   this  department  of  the  seienee,  states,  in   hi-   recent 

work    on    CW-llnntini:      1S71),    that    the    evidence    obtained 

(.roves    that    "Man    lived    in    (ierm.mv    and     r.ritain    after    the 

mum    (ill.  i.il   eold    hid   passed   away/'   and    that    no  human 

up     in    the     present     time    in 
IH-    \\hie;  |  »-red    to    ;i    higher  an- 

ti(|iutv    than    the    |'l,  i  The    human 

n-li'  .r    found    in    S\  ria    and     A-  to    no   LTP 

,nit\     tor     M  M        .lion     int..     F.uropr     aloni,'    willi     the 

rhaiiipl.iin    Mammals    m    pn--(  ilaeial    time  -ted;    hut    on 

this    point    there   are   a-  •.noun    facts. 
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The  second  Glacial  epoch  in  Europe  and  Asia  (which 
there  is  reason  to  believe  produced  effects  also  in  North 
America)  appears  to  have  finally  brought  to  a  .close  the  era 
of  giant  beasts,  leaving  the  world  for  Man. 

The  Age  of  Man  still  continues;  and  now  it  has  as  its 
fossils,  not  only  flint  implements  and  human  bones,  but  also 
buried  cities,  temples,  statues,  manuscripts. 

The  system  of  life,  long  in  progress,  finally  reached  its 
completion  in  a  being  that  could  search  into  the  earth's  his- 
tory, study  Nature's  laws,  investigate  the  system  of  the  uni- 
verse, judge  of  right  and  wrong  in  himself  and  others  and 
will  the  right;  and  who  has  thus  the  highest  credentials  of 
kinship  with  the  Infinite  Author  of  physical  and  moral  law. 
The  progress  of  chief  interest  hence  is  no  longer  the  develop- 
ment of  animal  races  and  characters,  but  the  exaltation  of 
Man  in  the  direction  of  his  higher  nature. 

5.    Geological  Work  still  going  Forward. 

Rock-making  has  not  yet  ceased ;  for  the  old  agencies  — 
the  waters,  the  winds,  and  life  —  are  still  at  work  with  un- 
impaired energies.  Sand-beds,  pebble-beds,  and  mud-beds  are 
accumulating  along  sea-shores  and  in  shallow  waters,  precisely 
like  those  that  were  hardened  into  ancient  sandstones,  con- 
glomerates, and  shales;  and  limestones  are  forming  from  shells 
and  corals  similar  to  ancient  limestones.  Moreover,  modern 
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fossils  include,  besides  human  remains,  corals,  shells,  and 
relics  of  all  the  various  tribes  of  the  era,  as  in  past  time. 

Further,  species  are  becoming  extinct;  at  least  through 
Man,  if  not  in  other  ways.  The  Dodo,  an  extinct  chicken- 
like  bird  of  50  pounds  weight  (Fig.  245),  was  living  on 
Mauritius  in  the  17th  century.  The  Moa,  larger  than  an 
Ostrich,  and  other  birds  with  it,  have  recently  disappeared 
from  New  Zealand.  The  Aurochs  (Bison  priscus)  of  Europe 
is  nearly  extinct.  Thus  wild  animals  have  begun  to  disap- 
pear before  advancing  Man.  The  same  is  true  of  plants. 

Again,  changes  of  level  are  still  going  on.  A  large  part 
of  Sweden  is  rising  at  the  slow  rate  of  4  feet  or  so  a  cen- 
tury, and  as  slowly  a  portion  of  Greenland  is  subsiding. 
Such  movements,  along  with  earthquakes,  prove  that  contrac- 
tion from  the  cooling  of  the  earth's  crust  has  not  ceased. 

Hence,  although  the  earth  is  in  its  finished  state,  enough 
of  geological  work  is  now  going  on  to  enable  Man  to  decipher 
the  records  of  the  past. 


V.  —  Observations  on  Geological  History. 
I.    Length  of  Geological  Time. 

To  the  question,  What  is  the  length  of  geological  time, 
geology  gives  no  definite  reply.  It  establishes  only  the  gen- 
eral proposition  that  time  is  long. 
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Tl><    Canon   of  the   Colorado    (page    78)    is   a   gorge 
miles   long,   bounded    the    most   of   the    way    by    steep    walls 

of  rock  I.MT  :;.<HII)  feet  in  heiirht.  cut  through  sandstones, 
lim<  •:.!  other  rocks,  and  at  bottom  over  parts  of  it, 

for  several    hundred    feet,    into    Lrramte  ;    :md    above    the    ! 
walls  a  few    mile*    hack    from    the   stream    the    pile    of   nearlv 
hori/oiital    -trata   is   continued    in    mountains    to    .1    height 
7. '"MI    ,,,    S..MIII    !,,.,    ahme    the   bed   of   tl,  All   the 

I,  as    it*   describers   testify,   point   to  runnini;  water  as  tin- 
agent   tliat   made   the   great    channel.     The    region    wa*   under 
th«-  sea  until    the   close  of   tin-    Cretaceon*    period,  for   marine 
•rata   are   the    up]*-  ekt,      It    tollo\\*.  then, 

that   all   tin-  on   was  accomplished  l»v  >lo\\- 

aetini;  \\.itrr  dnri'  me.      Sur«-l\   <  nine  was 

\cr\    1 

gorge    of   the    Niagar  IN    has   a 

length  of  7  miles.  It  is  the  work  of  the  waters  sinee  tin 
middle  of  the  Champlain  jx-riod  ;  for  in  the  tir-t  place,  a 
former  channel  le.idiiiL'  from  the  Whirlpool  toward  Lake  On- 
tario was  eiltireh  tilled  In  the  trra\el  and  sand*  thrown  in 
by  the  meliinir  L'l:u-ier  durinir  the  •  -t  of  tint  pt nod  ; 

and,  *«'condlv,  Champlain   beds  contain inif   shell*   of    I  ..ike     : 
and   a   tooth    of    the  Mastod  ret   the    | 

win-re  the  gorge  now  is,  as  shown  l>\  the  remain*  of  the  for- 
.     the    (V  I    •      •  :•>  r     has    conse- 

fpientlv    made    this    vast   «-\  :nih  *   I'.ni:,  nun    M.MI 
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appeared.  The  rate  of  progress  of  the  Falls  up  stream  is 
not  satisfactorily  ascertained;  the  most  rapid  rate  that  has 
been  estimated  would  give  more  than  30,000  years  for  the 
work. 

The  thickness  of  a  sedimentary  deposit  is  no  satisfactory 
basis  for  determining  the  length  of  time  it  took  to  form.  In 
a  sea  100  feet  deep  100  feet  of  sediment  may  accumulate ; 
and  the  thickness  could  not  exceed  this  (except  a  little  through 
wave-action  and  the  winds)  if  a  million  of  years  were  given 
to  it. 

Let  the  same  region  be  undergoing  a  subsidence  of  an  inch 
a  century,  and  the  thickness  might  increase  at  that  rate;  and 
much  faster  if  a  yard  a  century;  and  with  either  rate,  giving 
time  enough,  any  thickness  might  be  attained.  Hence  a  stra- 
tum of  sandstone  100  feet  thick  may  have  been  formed  in  a 
thousandth  part  of  the  time  of  a  thin  intervening  bed  of  shale. 

Nevertheless,  the  aggregate  maximum  thickness  which  the 
strata  attained  during  the  several  ages  may  be  used  for  an 
approximate  estimate  of  the  comparative  lengths  of  those 
ages.  On  such  data,  it  is  deduced  that  the  time-ratio  for 
Paleozoic,  Mesozoic,  and  Cenozoic  time  was  not  far  from 
12  :  3  :  1.  Consequently,  if  we  suppose  the  length  of  time 
since  the  Paleozoic  began  to  be  16  millions  of  years,  Paleo- 
zoic time  will  include  12  millions,  Mesozoic  3  millions,  and 
Cenozoic  1  million.  Most  geologists  would  make  the  whole 
interval  several  times  16  millions. 
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2.    Progress  in    Features. 

Tin-  earth  through  i he  ages  made  progress,— 

1.  In  its  surface  features:  from  the  condition  of  ;i  melted 
sphere  as  featureless  as  a  germ,  to  that  of  an  almost  tin 
sal  ocean  with  small  lauds,  —  enough  of  land  to  mark  out 
the  feature-lines  of  the  future  continents  ;  and  at  last  —  after 
slow  expansion  southward,  a  lifting  of  mountain  ranges  at 
lou-  intervals,  and  a  retreating  of  the  waters  — to  tin-  out- 
of  great  continents  having  high  mountain  borders  and 
well- watered  interior  plain.-. 

Z  In  its  river-systems :  from  the  existence  of  only  little 
streamlets  draining  small  lands  in  the  Archa-au  .md  Silurian 
eras,  and  makinir  MO  |MTinain-nt  p  oloL'ical  nc..nl  IM-XOIK!  a 
niin-drop  impn-ssion  ;  to  a  rondition  of  vast  fn->h-watrr  lakes 
and  marshes  when  beds  of  vegetable  mitt  rial  amimulatnl 
»h<-  making  of  coal-beds;  and  tinalh  to  that  of  th«-  romj.lrtrd 
continent,  when  a  single  river  with  its  tnbutm.-  drain-, 
waters,  and  contrilmtrs  fertility  to  hundreds  of  thousands  of 
square  miles  of  surface,  and  the  work  of  fresh  waters  in  n.<  k- 
fiiakinir  «'\m-ds  that  of  the  ocean. 

3.  In  its  climate:    from    a    condition    of   Lren«-r.d    uniformity 

m|xTatir  last,  —  though  with  interrujited  progress*, 

—  that   of    the    present    dr  ien    the    poll--   have  a   JXT- 

•d    onl\    the    equatorial    r«  Lfion-    |MT- 

mre. 
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4.  And,  again,  in  its  living  adornments:  from  an  era  when 
the  small  rocky  lands  were  bare,  or  gray  and  drear  with 
lichens,  and  all  other  life  was  of  the  simplest  kind  and  below 
the  water-level;  to  a  time  of  flowerless  forests  and  jungles 
over  immense  plains,  yet  with  no  sounds  from  living  Nature 
more  musical  than  the  Amphibian's  croak  ;  and  onward  to 
the  better  time  when  the  earth  abounds  in  flowers  and  fruits 
and  birds,  and  is  covered  with  the  homes  of  Man. 

3.   The  System  of  Nature  of  the  Earth   had   a   beginning 
and  will   have  an  end. 

A  system  of  progress  or  development  in  the  earth  as  much 
implies  that  it  had  a  beginning,  as  that  in  any  plant  or  ani- 
mal. Man,  Mammals,  Eishes,  Mollusks,  Ehizopods,  Plants, 
all  had,  according  to  geological  history,  their  beginning;  so 
also  mountains,  valleys,  rivers,  continents,  rocks.  And  so 
also  the  earth;  and  therefore  the  system  of  nature,  whose 
development  went  forward  in  and  through  it,  had  its  begin- 
ning. 

If  this  is  true  of  one  sphere  in  space,  we  may  rightly  take 
another  step  and  assert  that  the  universe  had  its  beginning. 

It  also  admits  of  demonstration  that  the  earth  will  have  its 
end.  A  finished  state  is  always  the  state  before  decline  and 
death.  The  earth  is  dependent  for  all  the  beauty  in  its  liv- 
ing adornments,  and  even  for  the  existence  of  its  life,  on  the 
heat  and  light  of  the  sun.  The  sun  is  losing  annually  its 
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heat;  and  however  infiuitesimal  ili«-  amount  of  loss,  it  is  I 
to  end  in  a  cooled    and   dark  sun;   and  hence,  even  Ion::  be- 
fore the  sun  is  cold,  tin    earth,  supposing  it  to  ha\»-  met   wiili 
no  earlier  catastrophe,  will   have  become  dark   and   lifeless,— 
literally  a  dead  earth. 

4.    Progress   in   Life. 

1.  The   progress   in   life  was   in   general   from   the    simpler 
forms  to  the   more   complex,  or  from  the  low  to  the  high. 
Tin-    truth    lias   been   illustrated   in   each   chapter  of  tin-  pn-- 
ceding  geological  histon. 

2.  The   progress  was  by   gradual  steps.  —  Secies   ap: 

and   di-appran-d.   not   onlv  at   the  beLnniiiiiLr  of  ages,  or  of  the 

snltdm-!Mn>  of  ages  called    |>«  nod-,   hut    al>o   dunnir  the   pro- 

gress of  periods,  each  of  the  successive  strata  containing  som» 

MUM!    below,  and    failing  of  other-    that   arc  abun- 

•    in    nnd«-rl\inir  l»«'(l>.      Tlinv  w«-r«-  at   tun.-  t-jM.ch-  of  \vidr- 

lniLr    p«-rii»d-.    and     t\s<>    nf    tin-in,    those 

1     MU/OIC    tinir,     \\cn-    nrarl\     or    <|uitr 

iinixrrsd    for  tin-  continmtul  seas.      lint    tl»-r    niu-t     have    Irft 
unharinr<l    the   lift-   of   thr   d«-cj)   ocran  ;    and    lln-\    m.i\    n..t    ; 

ill    tin-   lifr   of    tlh  land,    or   r\ni    of    thr 

wlml.  continental    MMV 

3.  The  progress  was  according  to  system.   -Tin    lir-t  animal 

.\as    prolialil\   the   I'rot.-/  r   llhi/o|»od-*,   S|H»III:«^.   and 

like;     kind-    that     are-    minute    ;md    d.-titnte    of    mi-inhere. 
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But  later  the  four  great  systems  of  structure  —  the  Radiate, 
Mollusk,  Articulate,  and  Vertebrate  —  were  denned ;  and  the 
species  which  appeared  afterward  in  the  long  succession  were 
constructed  according  to  one  or  the  other  of  these  systems. 
Each  system,  by  the  new  species  that  came  into  existence  as 
time  moved  on,  became  displayed  in  higher  and  more  diver- 
sified forms.  The  first  of  the  Vertebrates  were  the  Fishes,  — 
the  simplest  of  its  tribes.  Even  in  these  limbless  species 
the  arms  and  legs  of  the  higher  Vertebrates  were  present, 
though  only  in  the  state  of  fins;  and  the  lung,  though  only 
as  a  cellular  air-bladder;  and  the  ear,  though  only  as  a  closed 
cavity  containing  a  loose  bone;  and  so  with  other  parts. 
Thus  the  earliest  of  Vertebrates  possessed  in  an  incipient  stage 
many  of  the  organs  that  became  fully  developed  in  the  later 
and  higher  Vertebrates.  And  in  the  succession  of  species  that 
existed,  all  were  made  on  the  fish-structure  as  its  basis,  even 
the  species  of  the  highest  class,  —  those  of  Mammals  and 
Man.  A  zoologist,  in  order  to  understand  the  fundamental 
elements  in  the  human  structure,  goes  to  the  fish  and  the 
frog  for  instruction;  and  Nature  is  so  true  to  her  funda- 
mental principles,  that  he  there  finds  what  he  looks  for. 

4.  The  system  of  progress  is  rightly  called  a  system  of  de- 
velopment or  evolution.  —  With  every  step  there  was  an  un- 
folding of  a  plan,  and  not  merely  an  adaptation  to  external 
conditions.  There  was  a  working  forward  according  to  pre- 
established  methods  and  lines  up  to  the  final  species,  Man, 


»t, 


and  according  to  an  order  .so  jierfeet  and  >o  harmonious  in 
its  parts,  thai  the  progress  is  right  lv  prunonnnd  a  develop- 
ment or  evolution.  (  n-.ition  by  a  dixine  innhod,  that  is,  b\ 
tlie  <  ;cts  of  a  Being  of  infinite  \\i-tlom,  whether  through 

one  fiat  or  many,  could  be  no  otht  -r  than   jierfert   in  -\-t«m, 
and  exact  in  its  relations  to  all  «  \t<nul  conditions,  —  no  other, 
indeed,  than  I  he  very  system  of  evolution  that  geological  hi- 
makes  known. 

5.  The  system  not  one  of  regular  progress  upward,  but  one 
involving  the  culmination  and  decline  of  some  tribes  as  the 
general  unfolding  went  forward  —  As  has  been  brought  out 
in  the  history,  the  dixisiou  of  Triloh  and 

Crinoids,  besides  others,  reached  their  maximum,  or  eulminated, 
.in  Paleozoic  time;  of  Amphibians  in  the  til  1  of  the 

Mesozoic   era;   of    Keptiles   and    (Janoids   among    Vertebrates, 
and   of  Cephalopods,    the   highest   of  Mollusks,   in    the 
Mesozoic;    of   brute   Mammals,    in    the   Champlaiu    peri.xl    of 
Cenozoic    time.      So,   again,    in    the    kingdom    of    plant-,    the 
highest   Cryptogams  —  the    Aerogens  —  eulminated   in   the  ' 

bonifrP-  tile    later     T.ii  Is,    ill    tlje 

middle  Meso/.oir  ;  while  I'alms  and  AiiLTK^p,  rm>  ha\e  tl 

era  as   their  time   of  greatest  display  and    jx-rfeetion.     These 

are   a   few   exam).  '     pp.irre**    did    not    go    on 

regularly    upw.ird  ;    hut    that    the   old,    not    onl\    in   tfttin,   but 

in    triln-s    and    01  and    tin 

away,  as  new  and   higher   tnlx-s  were   introduerd,  in   the 
greasing  evolution  of  the  king<l..mv'*f  life. 
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6.  Parallelism  between  the  progress  of  the  system  of  life  and 
the  progress  of  individual  life,  —  An  animal,  in  its  growth  from 
the  germ,  —  or,  as  it  is  called,  its  embryonic  development,  — 
passes  through  a  succession  of  forms  before  reaching  the  adult 
state.  In  Mammals  the  changes  after  birth  are  small,  the  larger 
part  of  them  having  taken  place  before  birth.  But  in  the  lower 
animals  the  successive  forms  are  often  widely  diverse,  and  they 
frequently  mark  successive  stages  in  the  life  of  the  animal. 
Thus,  in  Insects,  there  is  the  caterpillar  or  grub  stage,  before 
the  adult;  and  in  many  Crustaceans,  Mollusks,  Worms,  and 
Radiates  there  are  several  such  stages. 

Now  species  have  existed  —  and  many  now  exist  —  which 
have  the  general  characters  of  the  forms  in  these  lower  stages ; 
and,  in  accordance  with  the  above  proposition,  the  order  of  their 
appearance  in  the  geological  series  is,  in  general,  as  announced 
by  Agassiz,  that  of  their  development  in  the  "embryonic  series. 
Thus,  as  the  worm-like  grnb  precedes  the  adult  insect,  so 
Worms,  in  geological  history,  preceded  Insects.  As  a  fish-like 
condition  of  an  Amphibian  precedes  the  adult  form  in  which 
the  fish-like  feature  is  lost,  so  Fishes  preceded  Amphibians. 
The  examples  of  the  principle  are  numerous.  Some  authors 
have  so  great  faith  in  it,  that  they  are  ready  to  decide  as  to  the 
form  of  the  earliest  species  of  a  tribe  from  the  earlier  stages 
in  individual  development.  But  this  is  unsafe,  since  such  forms 
may  have  come  late  into  the  system  of  life  as  well  as  early; 
inasmuch  as  progress  was  not  in  all  cases  upward  progress. 


in 


^    '-n-  the   parallelism   abm<-   mentiomd    j.   not   apparent    in 

tin-  general  form  or  structure.   it   i-  still    manifested   in  certain 

••«•    laws  common  to   both    kinds  of   progress,   the 

geological    and    rmbnonie.      Tin    f.illowmg    an     >om»-    of    these 

laws. 

tt.    Tke  low  before  the  rflatirrli/  higk. 

6.  The  simple  before  tke  complex.  A  germ  has  little  dis- 
tinction of  part>;  the  animal  it  i>  to  evol\e  i-  there  in  a  v.  r\ 
general  condition,  that  is,  without  an\  -{..-rial  organs.  A>  de- 
velopment  of  a  Mammal  goes  on,  the  defining  of  the  head  lo- 
gins, and  this  is  one  of  the  first  steps  in  th«  r\..l\ini:  «'t  >i><rial 
parts,  or  in  the  speciali/ation  of  tin-  strnctnn  .  I  'ro  inherence* 
also  !'«•  mi  and  CI.IMIHI-IU-I-  tin-  dcfinini:  c.f  the  limhs  ;  and  thru, 
tinalU,  the  parts  of  the  limb  become  distinct,  or  an-  -pr<-Mi 
Tim-  it  IN  throiiLrhout  the  strnctun',  until  the  sjx-ciali/ation  of 
the  parts  peculiar  to  the  particular  animal  is  comp 

•he  general  before  Ike  special  is  a  law  al-o  m 
the  geological  progress  of  the  system  of  life.  In  a  ii>h,  the 
'earliest  of  Yrrirhraies  the  vertebrate  structure  is  exhibited  in 
it*  most  gen«  :  ndition.  The  vertebral  column  em, 

of  one  single  uniform  range  of  vertebnr  without  a  neck  portion, 

without  .1   |M-l\i«.  to  di\ide  tin-  bodv  from   a  tail   and   i| 
>npport   to  hind  liml)-  ;    tin-   limbs  an-  tins,  and   hence  onlv  rudi- 
ments of    limb-;    the   \rrt-  :iiplieit\    of  f«.rm; 

tin-  all   of   the   simplest    kind;    the   lung   i-    merely  an 

air-bladder,  and   M,  on.     Tim-,  all   through  the  structure,  a  fish 
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is  an  exhibition  of  the  vertebrate  type  in  a  generalized  stale. 
The  Vertebrates  which  succeeded  to  fishes,  the  Amphibians, 
have  the  grand  divisions  of  the  body  well  brought  out,  and  are 
specialized  also  as  to  limbs  even  to  the  toes,  and  in  other  ways. 
Passing  onward  in  time,  the  new  Vertebrates  appearing  exhib- 
ited successively  a  more  and  more  complete  specialization  of 
organs  and  functions,  up  to  Man.  In  the  development  of  Man 
from  the  embryo,  it  is  not  true  that  he  passes  through  a  fish- 
like  condition ;  but  it  is  the  case  that  certain  fish-like  charac- 
teristics may  be  observed  in  the  structure,  during  its  earlier 
progress  ;  and  one  of  these  is  an  opening  beneath  the  jaws, 
which  Dr.  Wyman  has  regarded  as  representative  of  the  gill- 
opcniugs  of  Fishes. 

This  law  of  progress  by  specialization  has  its  exceptions ;  for 
Snakes,  which  are  limbless,  succeeded  to  higher  reptiles  which 
had  limbs.  But  such  cases  only  exemplify  another  fact,  al- 
ready illustrated,  —  that,  while  upward  progress  was  the  rule, 
there  was  also  progress  downward,  and  especially  after  the  time 
of  culmination  of  a  tribe  had  passed. 

c.  Stationary  forms  sometimes  before  the  locomotive.  Thus, 
(1.)  Crinoids,  part  of  the  earliest  life  of  the  globe,  were  sta- 
tionary species  living  attached  by  a  stem ;  and,  after  these, 
there  were  free  Asterioids.  So  the  young  of  the  modern  Cri- 
noid  has  a  stem  for  attachment,  and  loses  it,  in  many  spe- 
cies, as  it  becomes  an  adult  (a  Comatulid).  (2.)  The  earliest 
Brachiopods  were  attached  species,  and  so  are  the  young  of 
all  existing  Brachiopods. 
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d.    Fornu  in  a  group  having  the  body  tl 

and  endowed  behind  i<  motive  power,  generally  precede 

thote  that  are  thorter  behind  and  superior  in  the  anterior  por- 
tion of  the  body  an>l  //*W, — a  headword  transfer  of  t 

he  structure  marking  all  upward  progrett.  The  \ouni: 
crab  has  an  elongated  locomotive  tail-e\trcmit\,  which  it  loses 
as  it  develops  to  a  crab;  and  so  the  long-tailed  shrimp-  pn •- 
ceded  crabs  in  geological  history.  Tlie  young  of  a  modern 
Ganoid  or  gar-pike  lias  an  elongated  vertebrated  tail,  which  it 
loses  with  the  change  to  the  adult  ;  and  >..  < 

0  lime  had  \ertebratedtails,  but  in  Me>o/oic  time  lost  them. 
In  the  young  of  some  birds  the  tail  segments  of  the  vertebral 
column  are  much  elongated  and  free,  but,  with  progressing 
dcNclopmeiii.  they  become  greatly  contracted,  and  often  con- 
solidated together;  and  so  the  earliest  Hirds  in  part,  at  least, 
had  long  vertehratcd  tail*.  The  \oimir  <>f  an  an  elon- 

gated, worm-like  grub;  and  so  Worms  preceded   I  The 

embryo  of  Man  in  an  early  stage  of  development  ha-  a  tail  half 
as  long  as  that  of  a  dog  in  the  same  stage. 

The  principle  is  a  general  one  thronirh  the  animal  king- 
dom. Thi>  shortrninif  In-hind  i-  directh  connected  with. 
a  consequence  of.  a  tran-fer  forward  of  the  forces  of  the  ani- 
mal structure  l.\  which  improvement  is  triven  to  the  anterior 
1  a  hitrher  grade  of  power  and  functions  to  tin- 
head.  PtoOgMM  from  the  emhno  in  ami:  '•  ml- 
ed  with  a  gradual  iiiijirovcmnit  of  thr  head  extremity,  and 
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also  with  changes  of  form  in  adaptation  to  it ;  and,  parallel 
with  this,  progress  in  the  system  of  animal  life,  from  its 
earliest  beginnings  onward,  was  similarly  attended,  under  all 
tribes,  by  a  headward  transfer  of  power  in  the  being,  and  by 
such  structural  changes  as  this  involved.  Marsh  has  shown 
that  the  Carnivores  and  Herbivores  of  the  early  Tertiary  had 
brains  but  a  half  or  a  third  as  large  in  bulk  as  those  near- 
est related  to  them  in  type  and  size  among  modern  species. 

This  kind  of  progress  is  progress  in  cephalization ;  this 
term  being  derived  from  the  Greek  for  head.  And  the  prin- 
ciple here  illustrated  may  be  briefly  announced  as  follows  : 
Progress  loth  in  the  system  of  animal  life  and  in  individual 
life  is  eminently  progress  in  cephalization. 

Man,  the  last  and  highest  being  in  the  system  of  life,  de- 
rives his  exalted  position  from  the  extreme  degree  of  cephaliza- 
tion which  characterizes  his  structure.  Besides  having  a  great 
brain  and  great  head  power,  his  fore-limbs  are  removed  from 
the  locomotive  series,  and  turned  over  to  the  service  of  the 
head,  and,  as  is  involved  in  this  transfer,  his  body  is  erect. 
Thus,  by  an  abrupt  transition,  he  stands  apart  from  the  ape 
and  all  brute  races. 

7.  The  transitions  between  species,  in  the  system  of  progress, 
not  yet  proved  to  be  gradual  —  The  systematic  succession  in 
the  progress  of  life,  made  manifest  by  facts  derived  from  the 
rocks,  leads  many  to  hold  that  the  whole  has  been  as  much  a 
growth  under  the  control  of  physical  law  as  is  proved  to  be 
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true  of  the   development  of  tin-  earth's    features.     Geological 
•••    has  accordingly  been  apj>e..l. 

whether  sjH-cies,  instead  of  beinir  mdejM-ndent  types  of  -tru.-run-, 
are  so  linked   together  by  gradual  transitions,  thai    we 
reasonably   a\oid   the  conclusion  of  ihnr   prodi;  n   one 

another  by    irradual   change.      That    e\  idenee    it    has   not 
forded.      This    i>    admitted    by    all,    even    by     those    \i  ho    bdie\e 
that    the    transitions    \\rre   gradual.     (ii-«.l.i^\     has    hrouirht    to 
light  fewer  examples  of  gradual   transition   than   occur  am..ni: 
living  species.     The   wide  intervals  that    li.t 

I   are  diminished    tn.m   tune   to   time    by    the  d 
remains    of    interim   ;  It     has    1)(  . n    \\\\\*    tor    the 

,1    between    the     Klrphaii-  ,1    be- 

tween    the     Horse   ot     mud:-rn    turn-   and    the   Tipir-bke   animals 
of  tli.  I    ;    ,,i,d    ihe   sum-    in    many  other 

•     the    lieu    sjxvies     found    lia\e   *\\\\   stroliL'  sjM-eilie 
dltlereliees,  and   tliosr  th  it    ha\e   till. 

i  ;     BO    that    the    idea 

!••   b\    L'" 

Hut    geological    e\idenee   on    tin-    point    is,   M 

urged,  I    .     ro    -d    i-    un 

that      tin  '  ill     the    . 

one  with  lt~  n  touild 

Hut  thus  far  \»e  know  of  but  t  nen  out 

many  ;  for  if  then-  was  one  th.  .\ri.ids. 


PROGRESS   IN  LIFE.  251 

There  is  the  same  evidence  that  there  were  Marsupial  Mam- 
mals during  the  Triassic  era  in  North  America,  and  therefore 
during  the  Jurassic  and  Cretaceous  eras  following;  and  yet 
only  two  jaw-bones  of  Triassic  Marsupials  have  been  found  in 
all  the  American  Mesozoic  rocks. 

There  was  abundant  life  in  the  oceans  of  the  long  Triassic 
and  Jurassic  eras;  but,  nevertheless,  not  a  fragment  of  any 
species  has  been  found  in  the  Triassic  or  Jurassic  rocks  on 
the  Atlantic  border  of  North  America;  and  the  Triassic  of 
the  Rocky  Mountain  region  is  as  destitute  of  marine  life.  The 
American  record  respecting  marine  species  of  the  Atlantic 
border  for  the  long  time  between  the  Carboniferous  and  Cre- 
taceous eras  is  utterly  a  blank. 

Again,  of  the  plants  of  the  great  forests  that  covered  the 
American  continent  in  the  Triassic  and  Jurassic  eras  less  than 
50  species  are  known ;  and  yet  the  whole  of  the  dry  land  of 
the  continent  must  have  been  covered,  and  the  kinds  through 
all  that  time  must  have  been  very  numerous. 

These  are  examples  of  the  imperfection  in  the  record,  and 
they  naturally  weaken  much  the  force  of  geological  evidence. 
But  if  they  weaken  it,  they  do  not  authorize  the  conclusion 
that  the  transitions  were  always  gradual. 

There  are  some  gaps  of  great  width.  Of  the  species  con- 
necting Mollusks  or  other  Invertebrates  with  the  first  of 
Fishes,  geology  has  afforded  not  a  fact :  it  has  found  only 
great  Sharks,  Ganoids,  and  Placoderms  as  the  earliest  spe- 
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cies.  With  regard  to  tin  I 'alms,  which  tint  appeared  in  tin 
Cretaceous,  none  of  the  preceding  links  have  been  found  ;  ami 
none  for  the  Elm,  Magnolia,  and  various  mli.-r  \>  -i  —|x TIMS 
that  accompanied  tin-  U'M  Palms.  Bones  of  true  Mammals 
are  very  abundant  in  the  Tertiary  strata;  and  yet  in  tin-  Cre- 
taceous beds,  those  next  earln  r,  there  are  numerous  remain- 
of  great  Reptiles,  and  not  a  trace,  as  yet  observed,  of  t  In- 
true  Mammal-. 

8.  Origin  of  Man.  —  The  interval  between  the  M<mke\  and 
Man  is  one  of  the  greatest.  The  capacity  of  the  brain  in  the 
lowest  of  men  is  68  cubic  inches,  while  that  in  the 
Man-Ape  is  but  34.  Man  is  erect  m  posture,  and  has  this 
BM  marked  in  tlie  form  and  position  of  all  his  bones, 
while  the  Man-A|N-  ha-  hi-  iiielim  d  |>o-tutv  forei  d  mi  him 
by  every  bone  of  his  skeleton.  The  hiirhe-t  ..I  Man-Apr*,  tin- 
Orang-utan,  cannot  walk  without  holding  <>n  b\  hi- 
limbs;  and,  instead  of  liaunir  a  double  eiir\atun-  in  his  back 
like  Man,  which  well-balanced  «Teetne-s  requires,  he  has  hut 
eounectini;  link-  lM-f\\  M  and  an\  Man-.\|M- 

of  past  geological  time  have  n«>t  bn  n  found,  although  earne-il\ 
looked  for.  No  sjv  9  H  iLr«  that  has  yet  been 

•  r,  as  already  I,   to   the   lov, 

existini:   nirn  ;   and  none    i-    intrrmediair   in   «•— mtial   ch.i- 

iid    the    Man-  \  p        I  'mil    I  In-   h.nir    intenal    i- 
I     o\er    bv     the    d  -I     inti-niiediat.  it    is 

n-rtainlv    unsafi-  'hat     -n.'ti    a    lm<-   of    inten- 

!    as   uiiphilo-oj>lncal    as   it    is   unsafe. 


PROGRESS  IN  LIFE.  258 

If,  then,  the  present  teaching  of  geology  as  to  the  origin 
of  species  is  for  the  most  part  indecisive,  it  still  strongly 
confirms  the  belief  that  Man  is  not  of  Nature's  making. 
Independently  of  such  evidence,  Man's  high  reason,  his  un- 
satisfied aspirations,  his  free  will,  all  afford  the  fullest  assur- 
ance that  he  owes  his  existence  to  the  special  act  of  the 
Infinite  Being  whose  image  he  bears. 

9.  Man  the  highest  species.  —  It  is  sometimes  queried  whether 
the  future  may  not  have  its  various  new  species  of  life,  and, 
among  them,  some  higher  than  existing  Man;  whether  the 
age  now  passing  is  not  to  be  followed,  as  was  true  of  the 
Carboniferous,  or  the  Reptilian,  by  another  still  more  glorious 
in  its  living  species ;  whether,  if  one  of  the  great  Dinosaurs 
of  the  Mesozoic  age  could  have  thought  about  his  own  and 
other  times,  he  would  not  have  imagined  his  age  the  last  and 
the  best  possible,  and  whether  Man  is  not  playing  as  foolish 
a  part  in  styling  himself  the  "  lord  of  creation." 

Against  the  introduction  of  new  species  in  coming  time 
science  has  little  to  urge.  But  there  is  strong  reason  for 
holding  that,  whatever  the  changes  in  the  lower  tribes,  exist- 
ing Man  will  always  remain  the  highest  in  the  series. 

(1.)  Science  has  made  known  that  the  highest  of  species 
next  to  Man,  that  is,  the  brute  Mammals,  have  already  passed 
their  maximum  (page  225)  ;  hence,  the  rest  of  time  remains 
for  the  culmination  of  the  only  higher  type,  that  of  Man. 
And,  as  this  type  includes  now  but  one  species,  we  have  rea- 
son for  expecting  no  new  species  in  the  future. 
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(2.)  From  geological  history  we  learn  also  that   the  type  of 
Vertebrates  commenced  in  kinds  that  were  / 
tude,  —  the   Fishes;    and  that    t'nmi    ihe    li«in/«int;il    there  was, 
in    the    lieptile*    and    Mammals,  a   raising  of   the    head   above 
the  line  «.f  the  body,  up  to  th.-   AJM-,  in  uhich  tin-  attitude  is 
nearh    vertical;    and,  tinalh.  to   perfect   \rrtiralit\    m    \: 
IM-HILT  ha\mir  th-  head   placed  directK   o\,r  the  body  and  hind 
Iiinl»>.     Thus,  as  Agassiz  observed,  the  last   term   in  tin    i 
has  been  readied;  then*  can  be  nothing  beyond.     This  is  true 

to  the  grnrral   tyj*-  of   structure;    hut    it   leaves  it  an  open 
question   whether  then-   max    not    be  other   species  of   Man. 
erect  beings,  of  still  higher  grade. 

(8.)    Hut  a  dillerent  species  of  Man  higher  than  e\Min. 

i-  not  a  possibility.      \\Y  can  conceive  of  other  species  of  Man 

distiiiL'iii-iied    h\    haying   sonic   of   th.-    external    features    ,,f    the 

-Aprv     Hnt  these  are  marks  of  inferiority,  ami.  if  possi- 

l»le    in   a   f\jM-   of  s(1   |,  ,1,1    ln-lontr   onl\    to  interior 

••ctness  and    breadth  of   ton-head    m    M 

and    the    *h«»rti-iiini:    (»t'   tin*  jaws,  givinir  a    nearl\    \ertieal    line 
to    •  ,    known    result    of   rulture,   ind 

the  course   which  upward  progress   must   take.      \nd   in   t 
points    and    some   other*   dosel\    related,   thr   limits  of    |>«  - 
reached    h\     MB  /    the     pr- 

I  urther    imjin.vemeni     can     triyr    j)h\s]eally    onl\     larger 
cape:,     t..    the  •  l.ran  I.eauty     of     form     t..     the 
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whole  structure,  and  make  these  qualities  more  general.  No 
wide  divergence  from  existing  Man  can  be  conceived  of. 
When  all  possible  change  in  these  directions  has  been  accom- 
plished, Man  will  still  be  Man,  and  no  more  the  head  of  the 
system  of  life  than  he  is  at  present. 

(4.)  Beyond  all  this  we  may  say,  that  since  no  Dinosaur,  and 
no  other  species  but  Man,  has  ever  been  capable  of  reviewing 
the  past  or  contemplating  the  future;  and  since  Man  not  only 
has  all  time  and  all  Nature  within  the  range  of  his  thought 
and  study,  but  can  even  yoke  Nature  for  service,  and  in  fact 
has  her  already  at  work  for  him  in  numberless  ways,  —  the 
system  with  such  a  head  must  be  complete. 

Nature,  through  Man,  has  attained  to  the  possession  of  a 
living  soul  capable  of  putting  her  once  wasted  energies  into 
strong  and  combined  movement  for  social,  intellectual,  and 
moral  purposes,  and  this  is  the  consummation  that  the  past 
has  ever  had  in  prospect. 

The  Man  of  the  future  is  Man  triumphant  over  dying 
Nature,  exulting  in  the  freedom  and  privileges  of  spiritual 
life. 
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ACONCA'GUA,  65. 
Ac'rogens,  103. 

Carboniferous,  156. 
Adirondacks,  10?. 
Agate,  5. 

Ages  in  Geology,  99. 
Alabama  Eocene,  201. 
Albite,  2. 

Algae.     See  SKA-WEEDS. 
Alleghany  Mountains,  making  of,  168. 
Alluvial  deposits,  49. 
Alps,  glaciers  in,  58. 

elevation  of,  207- 
Amethyst,  11. 
Ammonites,  182. 
Amphibians,  163, 186. 
Amygdaloid,  18. 
An'giosperms,  Cretaceous,  181 

Tertiary,  200. 
Anisopus,  tracks  of,  187- 
Anthracite,  154. 

origin  of,  171. 
Anticli'nal,  85. 
Apennines,  207. 
Appalachians,  making  of,  168. 
Appalachian  region,  135,  136, 167. 

folded  rocks  of,  85, 169. 

thickness  of  formations  of,  167. 
Archffi'an  time,  106. 

North  America,  108. 
Arequi'pa,  65. 

Argillaceous  snndstone,  15. 
Ar'gyUite,  15. 
Articulates,  100. 
As'aphus  gigas,  126. 
As'terophyllites,  140. 
Astreea,  28. 

Atmosphere,  agency  of,  44. 
Augite,  8. 


Au'rochs,  232. 
Aymestry  limestone,  131. 
Azoic.    See  ARCHAEAN. 

BALA  beds,  117- 

Basalt,  18. 

Basaltic  columns,  22. 

Beach-formations,  51. 

Bear,  cave,  225. 

Belem'nites,  184. 

Bilin,  infusorial  bed  of,  36. 

Birds,  101,  164. 

Jurassic  and  Cretaceous,  190. 

Tertiary,  203. 
Bituminous  coal,  154. 
Black  lead,  9. 
Blue  Ridge,  107. 
Bog  Iron-ore,  12. 
Bowlders,  211,  214. 
Bowlder-clay,  218. 
Brachiopods,  Silurian,  121, 133. 

Devonian,  142. 

Carboniferous,  152. 
Brains,  growth  in,  247. 
Brines  of  Salina,  130. 
Bryozo'ans,  125. 

CALAMI'TES,  140,  158. 
Calcareous  rocks,  14,  27. 
Calcite,  9. 

Calyme'ne  Blumenbachii,  126. 
Cambrian.    See  PRIMORDIAL. 
Camel,  Tertiary,  206. 
Cannel  coal,  154. 
Canon.    See  COLORADO. 
Carbon,  8. 

Carbonate  of  lime,  9. 
Carbonic  acid,  9. 
Carboniferous  age,  149. 


158 
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Ifti. 


,  904. 
Carpatluan..  907. 
CaUkUl  period.  138. 


194 


Ophalitation,  pttyrcw  in,  940. 
Cepbalopod.    l 

..!  ItaM  ...     m 
CwtracionU 
Chain-coral,  132. 

Chalk. 

Cnauiplam  period,  218. 
(•hrmiing  bed*.  138. 
Cincinnati  uplift.  1S6.  186 

.  81. 
1*. 
Climate,  prugrrw  in.  2S8. 


Quatenunr.  215,  918,  9SO. 
Tertia: 
Cod.  kind>  of 

formation  of,  155 

of  Rorkr  Mountain  region.  197. 

•alphnr  in.  155 

159. 
of  Britain.  1S3 

of.  15S 


•  .....     •  •     »   ML 

.vbM.  161 

Colorado.  n.f«n  of.  9».  77,  78.  937- 
Colnmna'ria.  119 


..„,       ,-v. 
Gfifera.  Drio 
•    Carixmifr 


u 


Carixmifrrooa,  156,  160. 


•--.,. 

.k094 

,    .  . 


I  v     MM  '  ....     Mi 
of  change  of  letel,  89 


SUorian.  109,  119.  139. 
14*. 

151. 
Cor'alline*.  34. 

•a.  limMUme.  137. 
Cotopaxi.65 
Craten,  A5. 
.    ipfcrribl   .-:.".    I  1 

of. 

C.rrat  Britain,  uup  of.  178. 
Cnn..idal  limrmUinr.  ::  I 
Cri'noids.  30,  R» 

119.139. 

1WX 


Crocodile*,  189. 
Crusta'cram. 


Crpullifte  racks,  15  -  18,  96. 

'      :.::     Ml     •   ..!    UtH,    Id 

Curmit..  oeeuie,  50. 
Cy'atkophynoid  coral..  149. 
Cycad*,!; 


m,  W.  B.on  hui 
Decay  of  rock..  49. 

Delta  of  Miariarippl.  49. 


rrl     -     •    i 


Detrf-tos.  tt. 
IV»rloment. 


Deronian  aire,  1S7 


•     -'» 


I.'v       .         '-. 


187. 


' 

•and..  45 
Mratrbn.  219. 
Dromathrnum.  191 

i...         ; 

EARTH,  tint  condition  of,  108.  1 
profTt*.  in  feature*,  238. 
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Earth,  progress  in  life,  240. 

Earthquakes,  64,  88. 

Elephant,  Quaternary,  226,  232. 

Elevations,  causes  of,  80. 

Emery,  6. 

Ena'liosaurs,  or  Sea-saurians,  164, 188. 

England,  geological  map  of,   114,  178. 

E'ocene,  194. 

Eosau  rus,  104. 

Eozoon,  112. 

Equise'ta,  139,  156. 

Erosion,  48,  81. 

Evolution,  243. 

Expansion  of  rocks,  effects  of,  63. 

FAULTS,  75,  87, 176. 
Fa'vosi'tes,  143. 
Feldspar,  6. 
Ferns,  Devonian,  139. 

Carboniferous,  157, 158. 
Fingal's  cave,  208. 
Fishes,  101. 

Age  of,  137. 

Carboniferous,  161. 

Devonian,  144. 

Mesozoic,  185. 

Silurian,  133. 

Teliost,  186. 
Fish-spines,  144. 
Flags,  15, 139. 
Flexures,  84,  89. 
Flint,  4,  38, 180. 
Flint  arrow-heads,  230. 
Folded  rocks,  84,  89, 169. 
Footprints.     See  TRACKS. 
Foramin'ifers,  32. 

Fossils,  use  of,  in  determining  the  equivalency 
of  strata,  97. 

number  of  Paleozoic,  136. 
Fox,  Quaternary,  226. 
Fractures,  87,  176. 
Fragmental  rocks,  15. 
Fresh  waters,  action  of,  46. 
Fruits,  fossil,  160. 

GALE'W  A,  13. 

Gan'oids,  Carboniferous,  161. 

Devonian,  144, 145. 

Triassic,  186. 
Garnet,  8. 
Gas'teropods,  122. 
Geysers.  69,  73 


Giants'  Causeway.  18,  208. 
Glacial  period,  211. 
Glacier  period  of  Switzerland,  58,  217. 
second,  of  Europe,  223,  235. 

scratches,  60,  221. 
Glaciers,  58,  213. 
Glyptodon,  229. 
Gneiss,  16. 
Gon'iatites,  183. 
Gran'ite,  15. 
Graph'ite.  9,  112. 
Gravel,  15. 

Greenland,  changes  of  level  in,  237. 
Green  Mountains,  making  of,  128,  135,  105. 

limestone  of,  128. 
Green  River  Basin,  197. 
Grit,  23. 

Ground  Pines,  131. 
Gym'nosperms,  142. 
Gypsiferous  formation,  Triassic,  176. 

HALYSI'TES,  132. 

Hamilton  group,  138. 

Hawaii,  volcanoes  of,  66,  68. 

Heat,  63. 

Height  of  Mount  Shasta  and    other  volcanic 

peaks,  65. 

Helderberg  group,  130,  138. 
Hem'atite,  11,  12. 
Her'bi-vores,  203. 
Highlands,  107- 
Hippopotamus,  226. 
Holoptych'ius,  146. 
Hornblende,  7. 
Hornblende  rocks,  17,  109. 
Hornstone,  4,  38. 
Horse,  fossil,  204,  226. 
Hot  springs,  68. 
Human  skeletons,  fossil,  231. 
Hyaena,  cave,  225. 


ICE  of  lakes  and  rivers,  57. 

glacier,  58,  211. 
Icebergs,  62. 

down  the  Mississippi  valley,  21 
Ichthyosaurus,  188. 
Igneous  rocks,  63. 

Tertiary,  208. 

Triassic,  194, 
Iguan'odon,  188. 
Infusorial  earth.  36. 
Insects,  Devonian,  143. 
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I,,,,,-.,    .  HfcM  *M    Ml 
Invertebrate*,  108. 
lr..h  DM     '-'•• 
Ironores,  11.  1*. 

Arcluran.  109.  110. 
Iran  mountains  of  MiMoon,  109. 

JOINTS  in  rocks,  88. 
Jorollo.  M. 
Jurassic  period.  175 

KILAUE'A,  87 


LABRADOKITE.  7 

Lake  Ckuupwin  in  the  Qualrrnanr.  fit. 

Lakes  of  Rocky  Mountain  region.  Tertiary.  190 

Laraellibranch- 

Laminated  structure,  IS 

Lateral  prcwve,  89. 

Uv..  19. 

Uvrr.  SI. 

Lead  OP 

I.,,:,-  m 

Lepidoden'dhds.  141,  167 

rh.ngr*  of.  in  the  Quaternary.  SIS.  S18. 
onf  in  of  change*  of.  89. 

Life,  agency  of,  in  rock-makinf .  tj. 
gMeril  laws  of  profrew  of,  240. 
Lignite.  197- 
i  p*h  Mh  Ifl  NT 

9.  10, 13 
i  of.  »7. » 

LlDRulrlU.  13. 
Uagttla  Haict.  117.  130 
Uo0.eTO.ttS. 
Linoden'dron.  181. 

I   •      .•-.-.,.  .  HMMI    1M 

i  MI  .  kp  IM 

Uaadorery  bed.   117 

Lodlow  group 
Ly'eopoda,  1.11.  Ul.  1S4 
Lyni.  Quau-rnary.  ««. 


11.  IS.  lift 


ftr.l  of,  19a 
Tertkrj.W. 


Ma^  Age  of,  209. 


aJPHBd  :.!r.  iC, 

origin  of,  2*8. 
Map  of  England,  lU,17a 

of  North  Aneriea,  ArduBta.  10S. 

of  North  Amcnca,  Cretaceou.  177. 

nh  America,  Tertiary,  195 
Marble,  li. 

ofOre«iMoB»toiM,12a 
Mana,  O.  C.,  growth  of  brmuu.  247. 
Marsupials,  191,  208. 

Quaternary,  229. 
Ma.todon.  Quaternary.  22A 


«w  Itua  DUE. 
.  188. 


Me^oMie  time,  174, 


Mctamorphism.  71,  89 
Mia'mu  Bronsoni.  144. 

" 

•chut,  18. 


•:  M 


Mineral  coal.     5r»  COAU 

M»crnr.  194, 

Mississippi  Hirer,  delta  of,  49. 

detritus  of.  48. 

raJlfT.  in  the  Glacial  and  Champlain 

rkMls.219. 

Missouri  iron  ore*.  109. 
Molliuks.  27.  10a 


Moraine,  »». 
Mc/Msaur.  1 


of,80.8S.89.  171 
of  Paleonfe  origin.  128,  148,  187 

.ng  the  Tertiary,  300. 

in-.  II  :.  -»r   i>i 


Lai  • 
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Mount  Shasta,  64,  208. 

Tom,  194. 
Mountain-.  Wliitc,  scratches  on,  213. 

White,  alpine  plants  on,  224. 
Mud,  15. 
Mud-cracks,  55. 
Myr'iapods,  or  Centipedes,  102. 

NAUTILUS,  in  the  Silurian,  124. 
Neanderthal  skull,  233. 
Ne'olith'ic  era,  232. 
Niag'ara  group,  129. 

River,  gorge  of,  238. 
Nova  Scotia  coal-measures,  100. 
Num'nmlites,  32,  33,  198. 
Nummulitic  limestone,  19&,  199. 
Nullipores,  34. 
Nuts,  fossil,  160. 

OCEAN,  effects  of,  50. 

life  in  depths  of,  40. 
Oceanic  hasin,  origin  of,  94. 
Old  red  sandstone,  139. 
On'onda'ga  limestone.      See  UPPER  HELDER- 

BERG. 

Oolyte,  178, 179. 

Opal,  5,  73. 

Ore'odon,  204. 

Organic  remains,  rocks  made  of,  25. 

OrisTcany  sandstone,  131. 

Orthis,  121. 

Orthoceras,  124. 

Or'thoclase,  7. 

Ostrea  sellseformis,  201. 

Otozoum  Moodii,  187. 

Owl,  203. 

Ox,  first  of,  206. 

Oyster,  Tertiary,  201. 

PAL'^EASTER,  120. 
Paleolith'ic  era,  231. 
Paleozo'ic  time,  113. 
Palisades,  194. 
Palms,  Cretaceous,  181. 

Tertiary,  209. 
Paradox'ides,  126. 
Parrot,  203. 
Peat,  formation  of,  40. 
Pentac'rinus,  31. 
Pen'tremi'tes,  151. 
Permian  group,  156. 
Plac'oderms,  147. 


Plants,  Archaean,  112. 

Carboniferous,  1GG. 

Cretaceous,  181. 

Devonian,  139. 

lime-secreting,  34. 

Lower  Silurian,  117. 

Upper  Silurian,  131. 

Tertiary,  200. 

Triassic,  180. 

Platephem'era  antiqua,  1 14. 
Plc'siosaurs,  189. 
Pleurotoma'ria  lenticula'ris,  123 
Pliocene,  194. 

Plumba'go.    See  GRAPHITE. 
Polycystines,  37- 
Polyps,  28,  100. 

Polythala'mia.     See  FORAMIXTFEES 
Porphyry,  19. 
Portage  group,  138. 
Portland  (England)  dirt-bed,  179. 
Post-tertiary.    See  QUATERNARY. 
Potsdam  sandstone,  116. 
Primordial  period,  116. 
Productus,  152. 
Progress  of  life,  242. 
Pro'tozo'ans,  99,  112, 118. 
Pterichthys,  147- 
Pterodactyl,  191. 
Pterosaurs,  190. 
Pudding-stone,  14. 
Pyrenees,  207. 
Pyrite,  10. 
Pyroxene,  8. 

QUADRUPEDS.     See  MAMMALS. 
Quaternary  Age,  209,  224. 
Quartz,  3. 
Quicklime,  9. 

RA'DIATES,  30,  99. 
Rain-prints,  56. 
Ran'iccps  Lyellii,  163. 
Recent  period,  221. 
Reefs,  coral,  33. 
Reindeer  era,  224,  231. 
Reptiles,  101. 

Carboniferous,  161,  lfi°.,  164. 

Mesozoic,  186. 
Reptilian  age,  174. 
Rhine,  alluvial  deposits  of,  221. 
Rhinoceroses  Tertiary.  203. 

Quaternary,  226. 
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Rhi'iopods,  32,  S3.  40,  99. 
AntaM.ll* 

Cretaceons.  179. 
R,PPle-«narks,  S4. 
Kn  m,  action  of,  47. 

of  Palrzoic  origin,  M. 

rnwrs,  222. 

Rochet  moutonu.'w,  61.  216. 
Rocks,  Arrhan 

fragmental.  Si, 

kinds  of.  " 

making  of,  23.  33,3*.  44, 

metanorphic.  26. 

of  Misaissippit  alley,  136. 

•tratined.  10,  21,  25. 

tl,irknr«of  L,,wrrS,!,,nan,  129, 

•  «•  of  Paleozoic  in  North  America, 
107. 

:  ratified,  21. 

Mountain  cml-arca,  186. 
Rotolia.88. 

•  vr.  Rirrr  in  the  Quaternary,  219. 
IB 

Sohfcmui  irroap  of  Britain  and  Euro, 

rocks  of  New  York,  130. 
Sah'na  rocks.  130. 
Salii.  Crrtamms.  181. 

MM ..:  Mfesj  mi  •   nil  UQ 
of  Triage. 


*,!« 


u  U 


totk.lt 

Scratchra.gUci.l.flO.211 
Sea-beachn.  eletatcd.  221. 
Sra.«arians.  1 

Seaweed*,  or  Alfir.  112,  117. 
Sediawat  of  MMU*I|.|M  H 
Sdu'duan.    1 ' 

Shark..  ! 
ft* 


Sigilla'na.SiftUaruk.n. 

S,liea.orQ«am,3.V 

90ieaUa,i. 

tmaAllta     lt& 

!        '  '  '      " 


of  Geyaen,  66. 
Silurian  age,  113. 

Lower,  115. 

Upper.  128. 
Skeletons  of  man,  231. 

Sloths,  gigantic,  of  Quaternary,  227. 
SoFfaU'raa,  70. 
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Spathic  iron  ore,  12, 
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Spicule.  of  Sponges,  37. 
Spiders.  100,  1021 

152. 
Snongm.87,89,79. 

186. 
Stalactitea,  24 


Stone  age,  231. 
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period,  IM). 
Sabaideaec  dmnag  the  Chantplain  period,  218, 


• In  mm*  •  •:  ..-,  i  bj  •} 

Synclinal,  86. 

TAIL*  of  fishes.  145 
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Teltost  Aabea,  186 
Tcrrar*  period.     Sfr  Rtc«KT  PKIIOD 

Tertiary  age.  IM. 

;lh  of  geological,  237,  B9. 

Tracks  of  reptilea.  187. 

.ns  betweea  apedea,  237. 
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Trav'ertine,  24. 
Tree-ferns,  157- 
Trenton  limeetone,  11?. 
Triassic  period,  174. 
Tri'lobites,  125, 133, 142,  160. 
Tufa,  19. 

calcareous,  24. 

UNCONFORMABLE  strata,  88. 
Unstratified  rocks,  21. 
Uplifts,  89. 

Upper  Helderberg,  138. 
Upper  Silurian,  129. 

VALLEYS,  formation  of,  73. 
Veins,  formation  of,  73. 
Vertebrates,  110. 
Tertiary,  202. 
Vesuvius,  67- 
Volcanic  rocks,  18. 
Volcanoes,  64. 


WATER,  action  of  fresh,  46. 

action  of  oceanic,  50. 

freezing  and  frozen,  57. 
Waves,  action  of,  51. 
Weal'den,  179. 
Wenlock  limestone,  130. 
Whales,  first  of,  210. 
Willow,  Cretaceous,  181. 
Wind-drift  structure,  45. 
Wind  River  Mountains,  107. 
Winds,  effects  of,  44. 
White  Mountains,  glacial  scratches  on,  213. 

alpine  plants  on,  224. 
Wolf,  Quaternary,  226. 
Worms,  100. 

XIPHODON,  204. 
YELLOWSTONE  Park,  70. 
ZEACEINUS  elegans,  1SL 
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